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Freely Exposed Plants 

Plate IX. Fig. i. — Four automatic balances in operation at Akron, Colo., 
June 19, 1912, with the front of the box containing the mechanism open. 
The recording device is shown just beyond the first box. Fig. 2. — Auto- 
matic balances, Akron, Colo., July 24, 1912; boxes closed and recorders 

covered 
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Plate XII. Lesions on ginseng roots due to Alternaria panax 
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of inoculation with Alternaria panax. Fig. 2. — Inoculations on ginseng 
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Fusarium oxysporum Schlecht. 3045. i, Twenty -one-day -old culture on 
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notes. 2, Eighteen -day-old culture on stem of Melilotus alba with pion- 
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Wollenw. Fig. 3. — F. solani (Mart.) Sacc. F^. 4. — F. eumariii, n. sp. 
Normal conidia. Fig. 5. — F. coerukum (Lib.) Sacc. Fig. 6. — F. discolor, 

var. sulphureum (Schlecht.) App. and Wollenw 

Plate XV. Fig. i, 2. — Potato tuber showing a soft-rot caused by Fusarium 
hyperoxysporum Wollenw. Fig. 3,— Potato tuber showing the t3rpe of fot 
produced by F. oxysporum in the experiments. Fig. 4, 5. — Potato tuber 

showing r. dry-rot caused by F. radicicola 

Plate XVI. Two "jelh'-end” tubers from Moorland, Cal., showing external 
views and longitudinal sections 
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Plate XVII. “Jelly -end” rot produced by inoculation with. Fusarium radici- 
wlo Wollenw.: Fig. i, 2, 3. — Potato tuber inoculated with F. rodicico/a 
2890. Fig. 4. — Control potato tuber 210 
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n. sp.: Fig. i* 2- — External and sectional view of the same potato tuber. 
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Dissemination of Bacterial Wilt of Cucurbits 

Plate XXIV. Fig. I. — Cucumber field No. 2, with beetle-proof cages in place. 

Fig. 2. — Field No. i, with one of the cages lifted to show structure of the 
buried part 260 

Gossypol, the Toxic Substance in Cottonseed Meal 

Plate XXV, Gossypol glands of the cottonseed: Fig. i. — lengthwise sections of 
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Plate XXVII. Fig. 1 Peridermium Pyriforme on a trunk of Pinus divaricata, 
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escape of the ^iospores. Fig. 2. — A globose gall with Peridermium pyri- 
forme on a trunk of Pinus coniorta, associated with two lesions of Perider- 
mium comptoniae, one near the gall and the other i inch above it at the base 
of a branch. Fig. 3. — Peridermium pyriforme on a branch of Pinus ari- 
zonica showing unopened peridia 290 
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Plate XXVIII. ScleroUnialiberiiana: Fig. i.— Root inoculated with 5 c/erofinia 
liheriiana from lettuce. Fig. 2 . — Three roots (on left) inoculated with Sclero- 
tinia sp. from ginseng. Healthy check root (on right). Fig. 3. — Apothecia 
from sclerotia from celery strain. Fig. 4. — Apothecia from sclerotia from 


ginseng strain 298 

Plate XXIX. ScleroHnia smilacina: Fig. i. — Ginseng roots showing the char- 
acteristic black color from artificial inoculation. Fig, 2. — Rhizomes of 
Smilacina racemosa inoculated with a species of Sclerotinia isolated from 
ginseng 298 
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Plate XXX. General view of the respiration calorimeter 348 
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and purifying air 348 
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Varietal Resistance of Plums to Brown-Rot 

Plate XXXVII. Fig. i. — Lenticel in ripe fruit of Sapa plum. Fig. 2. — hen- 
ticel in ripe fruit of Gold plum partially filled with parenchymatous cells. 


3* — Ucnticel in green Burbank plum. Fig. 4, — Lenticel in green fruit 
of B X W21 completely filled with parenchymatous tissue. Fig. 5. — Ripe 
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out, owing to ripening process. Fig. 6. — Ripe healthy tissue of Reagan 

plum two weeks after picking 396 
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Fig. 3,— Infection through a lenticel in B X W4. Fig. 4.~Infection 
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a lenticel of the same type as is shown in figures i and 3. Fig. 6. — Half- 
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Fig, 7. — Half-grown fruits of B X W21 completely rotted through wound 
inoculations. Fig, 8.— Half-grown fruits of A X WJ5 completely rotted 
through wound inoculations. Fig. 9. — Half-grown fruits of Etopa plum 
completely rotted through wound inoculations, and completely covered 
with large spore tufts 
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Pirate XXXIX. Fig. i - — ^ rotting area in an overripe fruit of S. D. No. 3. 

Fig. 2.— Tip of hypha in Opata plum. Fig. 3.— The edge of a rotting s^t 
in a green fruit of Opata plum. Fig. 4.— Tissue of apple infected with 
Penicillium expansum. Fig. 5 .—Cross sections of hyphae in tissue of Opata 
plum j8 hours after inoculation. Fig. 6. — Portion of the rotted area of an 
Opata plum 18 hours after inoculation 396 

Inheritance op Length of Pod in Certain Crosses 

Peate XL. Typical 5'Seeded bean pods, showing the length of parents and 

crosses 420 

A Honeycomb HEart-Rot op Oaks Caused by 9terEum subpileatum 

Plate XLI. Fig. i* — Quercus aWa: A radial view of the honeycomb heart-rot 
produced by Siereum subpileatum, showing various stages of the rot. Fig. 

2. Quercus alba: A radial view of the last (honeycomb) stage of the rot. 

pig^ 2- Quercus alba: A tangential view of honeycomb-rot, showing early 

stage of delignification. Fig. 4. — Quercus velutina: A radial view of honey- 
comb heart-rot as it occurs in tops of trees, showing pockets filled with 
strands of cellulose . Fig. 5 . — Quercus a Iba: A radial view of the honeycomb- 
rot, showing pockets lined with cellulose. Fig. 6. — Quercus alba: A cross- 
sectional viewof the honeycomb heart-rot, showing pockets limited by large 
medullary rays. Fig. 7. — Quercus alba: Radial view of honeycomb heart- 
rot in branch, showing last stage of rot. Fig. ?>. —Quercus lyraia: Radial 
view of honeycomb heart-rot In old log associated directly with the sporo- 
phores of S. subpileatum. Fig. 9 . — Quercus texana: Sporophore of .S. 
subpileatum. Fig. 10. — Quercus palustris: Sporophore of 5 . subpileatum, 
conchate form 428 

Influence of Growth of Cowpeas upon Some Physical, Chemical, 

AND Biological Properties 

Plate XLI I. Experimental plots at Missouri Experiment Station: Fig. i.— 

Plot D (right), implowed, no crop, kept clean; plot E (center), unplowed, 
planted to cowpeas; plot F (left), plowed, planted to cowpeas. Fig. 

2. — Plot G (right), plowed, no crop, artificially shaded; plot H (left), 
plowed, no crop, kept clean 448 


Angular Leak-Spot of Cucumbers 

Plate XLIII. Fig. r. — Cucumber leaf eight days after inoculation with 
Bacterium hchrymans. Fig. 2. — Cucumber leaf 12 days after spraying with 

Bact. lachrymans 476 

Plate XLIV. Cucumber stem diseased by Bacterium lachrymans 476 

Plate XLV. Fig. i. — Fragment of a cucumber leaf showing angular leaf-spots 
due to pure-culture inoculation with Bacterium lachrymans. Fig. 2. — 
Cucumber plant 18 days after spraying with Bact. lachrymans. Fig. 3. — 

Stem at X in figure 2 enlarged to show bacterial lesions 47^ 

Plate XL VI. Green cucumber fruit photographed six days after inoculation . 
with Bacterium lachrymans. Fig. 2. — Same fruit as shown in figure i, but 
at the end of 12 days. Fig. 3. — Section of green cucumber fruit 10 days 

after inoculation with Bact. lachryma ns 476 

Plate XL VI I. Fig. i. — Cross section of a cucumber leaf, showing two stomatal 
infections. Fig. 2. — Cross section of cucumber leaf, showing a dense bac- 
terial infection due to Bacterium lachrymans. Fig. 3. — A, Agar-poured 
plate from bouillon dilution of Bact. lachrymans; B, agar -poured plate made 
from same quantity of same bouillon as A, but after freezing 15 minutes. . 476 
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XLVIII. Fig. I. — Chains of Bacterium lachrymans ftiQin 14-day-old 
culture in salted bouillon. Fig. 2. — Capsules of Bact. lachrymans from 
young agar culture. Fig. 3. — Flagella of Bact, lachrymans from 24-liour-old 
agar slant 476 

Plate XLIX. Fig. i. — Yoimg surface colonies of Bacterium lachrymans on 
agar poured plate, showing opaque center and lines radiating into the 
thinner margin. Fig. 2. — Surface colonies of Bact. lachrymans on gelatin 
poured plate. Fig. 3.— Gelatin stab culture of Bact. lachrymans, kept at 
20° C. and photographed at the end of 12 days 476 

Biology o? Apanteles militaris 

• 

Plate L. A panicles militaris: Fig. i. — Diagrammatic drawing showing the 
embryo inclosed by the fused amniotic and serosal envelopes. Fig, 2. — 
Diagrammatic dramng showing the fused envelopes dividing into their 
two parts, the serosal cells being grouped at each pole. Fig. 3. — Diagram- 
matic drawing showing the egg ready to hatch, the serosal cells having 
become a loose mass and the embryo straightened out in the egg. Fig, 4.— 
Diagrammatic drawing of the larva during its first molt. Fig. 5. — First 
instar. Fig. 6. —Second instar. Fig. 7. — Third instar, showing the posi- 
tion of the spiracles and the caudal vesicle withdrawn 508 

Cherry and Hawthorn Sawelv Leap Miner 

Plate TI. Fig. i.— leaves of English Morello cherry, showing injury by the 
sawfly leaf miner. Fig. 2. — heaves of hawthorn, showing injury by the 
sawfly leaf miner 5^^ 

Petrography or Some North Carolina Soils and Its Relation to Their 
Fertilizer Requirements 

Plate hH. Fig. i. — Photomicrograph of Porters soil of the Appalachian, No. 

5 sand. Fig- 2. — Photomicrograph of Cecil soil of the Piedmont Plateau, 

No. 5 sand 582 

Hourly Transpiration Rate on Clear Days as Determined by Cyclic 
Environmental Factors 


Plate LIU. General view of the water requirement and transpirauon experi- 
ments at Akron, Colo., on July 8, 1913 i 650 

Plate LIV. Fig. i. — VVlieat on automatic balances in the screened inclosur^, 

July 3, 19x2, showing the exposure and arrangement of the 1912 experi- 
ments. Fig. 2 . — Automatic balances A, B, and C; A and C cany pots of 

cowpeas and B carries the evaporation tank 650 

Plate LV, Fig. i, — A pot of alfalfa showing the growth and size of plants 
used in the transpiration experiments. Fig. 2. — A pot of Amaranthus 
retrojlexus of the type used in the transpiration measurements. Fig. 3, — 
Evaporation tank mounted on automatic balance 650 


Erfhct op Elemental Sulphur and op Caiahum Sulphate on Certain 
OP THE Higher and Lower Forms op Plant Life 

Plate LVI. Fig, i. — Red-cbver plants, showing the effect of treatment with 
calcium sulphate , Fig. 2,— Group A , untreated; B, 0,1 per cent of calcium 
sulphate added to Miami silt-loam soil; C, 0.02 per cent added; D, 0.05 
per cent added; E, o.i per cent added 780 
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Pi. ATE LVII. A sweex potato lowing the discoloration produced by Moni- 

lochaeies tnfuscans 

PtATE I/VIII. Monilochaetes infuscans: A, a branched conidiophore with co- 
nidia attached . 5 , an imbranched conidiophore, showing septation ; conid- 
ium attached. C, a conidiophore from host, with conidium attached. D, a 
conidiophore from the host, showing the peculiar basal cell and septation. 

B, a conidiophore bearing conidium, showing diagram raatically the attach- 
ment to the host by a bulblike enlargement of the basal cell . F, two conid- 
iophores joined at the base and slightly sunken in the tissue of the host. G, 
two conidiophores joined by a single oblong cell. H, two conidiophores 
joined at the base and slightly sunken in the tissue of the host. /, a ranidio- 
phore from the host with an almost spherical cell attached to the enlarged 
end cell. /, a conidiophore, showing an attachment of two almost round 
cells to the enlarged basal cell. K, germination and growth of conidia in a 
sweet-potato decoction in 24 hours. L, hyphae from a culture, showing 
characteristic branching and septation. M, a group of mature conidia. N, 
germination, growth, branching, and septation of the fimgus at the end of 
42 hours in a sweet-potato decoction ^^2 

Banana as a Host Fruit of the Mediterranean Fruit Fey 


^ATE LIX. Fig. I.— Popoulu variety of cooking banana found infested with 
the Mediterranean fruit fly. Fig. 2. — Cross section of the Moa variety of 
cooking banana, showing pulp infested by larvae of the Mediterranean 

, fruit fly 804 

Peate kX. Fig. I, — bunch of Chinese bananas (Musa cavendishii). Fig. 2 . — 

A bunch of Chinese bananas wrapped in banana leaves and ready for ship- 
ment to California 

^ATE LXI. Fig. I. — Cleaning bananas in Hawaii before shipment. Fig. 2. — 

, Tip of Chinese banana (Musa cavendishii), showing punctures made by the 

female Mediterranean fruit fly in attempts to deposit eggs within the peel . 804 

?EATE TXII. Fig. I, — Rearing cage erected over 20 Chinese banana trees and 
inclosing 14 bunches in various stages of development. Fig. 2.— Interior of 
rearing cage shown in figure i 804 


' Life-History Stitdtes of the Colorado Potato Beetle 

RATE LXni. Colorado potato beetle [Liptinotarsa decemlineata): Fig. r. — 
I Egg mass. Fig. 2. — Young larva 

I Observations on the Life History of the Cherry Leaf Beetle 

Ilate LXIV. Galerucelh cavicollis: Fig. 1. — Adult. Fig. 2. — Larva, second 

" instar. Fig. 3.— Larva, third instar. Fig. 4.— Pupa 

I*LATE LXV. CaUrucella cavicollis: Fig. 1.— Eggs on ground at base of tree. 
Fig. 2.— Eggs, enlarged. Fig. 3.— Lan^se feeding on leaf. Fig. 4.~Work 
of larvse on foliage. Fig. 5. — Work of beetles on foliage 

Apparatus for Measuring the Wear of Concrete Roads 

Plate LXVI, Fig. i. — Instrument for measuring wear of roads in use on con- 
crete road. Fig. 2. — Photograph of details of instrument 

Morphology and Biology of the Green Apple Aphis 

Plate LXVII. Forms of Aphis pomi: Fig. i. — Winged viviparous female. 
Fig. 2. Male. Fig. 3. — Pupa. Fig. 4. — Oviparous female. Fig- 5, — 
Wingless viviparous female. Fig. 6.— Intermediate 
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994 
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Plate I/XVIII. Knibryology of Aphis pomi: Fig. i. — Fertiliz^ egg previous 
to formation of blastoderm. Fig. 2. — Fertilized egg showing formation of 
blastoderm. Fig. 3. — Unfertilized egg. Fig. 4. — Polar organ. Fig. 5. — 
Conditions of embryo and polar organ at commencement of revolution. 

Fig. 6. — Yolk cell. Fig. 7. — Germ cell 994 

Plate LXIX. Embryology of Aphis pomi: Fig. i. — Ovarian yolk before divi- 
sion. Fig. 2. — Half of ovarian yolk shortly after '' dumb-bell” formation . 994 

Plate LXX. Embryology of Aphis pomi: Fig. 1. — Half of ovarian yoik» end 

chambers forming. Fig. 2. — Half of ovarian yolk, end chambers formed. . 994 

Plate LXXI. 'Esnhryolo^ oi Aphis pomi: Fig. i. — Half of ovarian yolk, egg 
chambers forming. Fig. 2. — Thickening serosa accompanied by cells of 

polar organ 994 

Plate LXXII. Embryology of Aphis pomi: Fig. i. — In vernation of dorsal 

body. Fig. 2. — Dorsal body completely formed 994 

Plate lyXXIII. Embryology of Aphis pomi: Emerging nymph, showing egg 

burster 994 


Plate LXXIV. Structural details of Aphis pomi, A. avesiae, and A, malifoliae: 
Fig. I. — Aphis pomi: Antenna of wingless viviparous female, adult. Fig. 
2 . — A . pomi: Antenna of wingless viviparous female, third instar. Fig. 3. — 
A . pomi: Antenna of wingless viviparous female, second instar. Fig. 4. — 
A. pomi: Antenna of wingless viviparous female, first instar. Fig. 5. — 
A . pomi: Antenna of stem mother. Fig. 6. — A . pomi: Antenna of inter- 
mediate. Fig. 7. — A. pomi: Antenna of winged viviparous female. Fig. 
8. — A. pomi: Male genitalia. Fig. 9. — A. pomi: Antenna of male. Fig. 

10. — A. pomi: Antenna of wingless viviparous female, fourth instar. Fig. 

11. — A. pomi: Cornicle of winged viviparous female. Fig. 12. — A. pomi: 
Cornicle of wingless viviparous female. Fig. 13. — A. pomi: Cornicle of 
male. Fig. 14. — A. pomi: Cornicle of oviparous female. Fig. 15.— A. 
avenae: Antenna of stem mother, first instar. Fig. 16.— A. pomi: Antemisi 
of stem mother, first instar. Fig. 17.— A. malifoliae: Cornicle of winged 
viviparous female. Fig. 18. — A. avenae: Cornicle of winged viviparous 
female. Fig. 19. — A. pomi: Cauda of adult. Fig. 20. — A. pomi: Hind 


tibia of oviparous female. Fig. 21. — A . pomi: Cauda of pupa 994 

Plate LXXV. Aphis pomi on its host plant: Fig. i. — Colonies on apple. Fig. 

2. — Apple twig bearing eggs 994 

Soilstain, or Scurf, of the Sweet Potato 


Plate EXXVI. Fig. i. — Petri dish containing a pure culture of Monilochaeies 
infuscans. Fig. 2. — a, Part of a conidiophore of M. infuscans, showing the 
unbroken chain of conidia; b, d, and k, various ways of the breaking up of 
the chains of conidia when disturbed or moistened; c, e, /, g, h, and j, 
spores collecting in pockets after the chains of conidia have broken up; *, 
bending in of the chain of conidia prior to breaking up into individual 

spores 1002 

Plate LXXVII. a. Part of a cross section of a sweet-potato root, showing the 
relationship of Monilochaeies infuscans to the epidermis of the host; 6, 
germination of a fragment of mycelium of M. infuscans, showing the germ 
tube which is first produced and upon which conidia are borne; c, d, e,f, 
g, h, t, and t, different stages in the development of the spore and the 
chAiu of conidia; 0, j, k, and p, protruding hyaline tube at the tip of the 
conidiophore on which are borne the conidia; I, n, and w, differentiation 
of the coarser dark mycelium, and the finer hyaline to subhyaline hyphge; 
u, attachment of the conidiophore to the mycelium; r, conidiophore-bear- 
ing mycelium, being part of u; m, q,s,v, x, y, and 2, different st^es in the 
germination of the conidia of M. infuscans 1002 
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An Asiatic Species op Gym no sporangium Established in Oregon 

Plate LXXVIII. Fig. i. — ^ial stage of Gymnosporangium koreaenseon under 
surface of leaf of sinenHs. Fig. 2. — Telial stage of G. koreaense on 

young twigs of Juniperus chinensis; son not distended. Fig. 3. — Same as 

figtire 2 , with sori distended 

Plate LXXIX. Fig. i . — Gymnosporangium koreaense on leaves, petioles, and 
^ stems of Pyrus sinensis. Fig, 2. — G. koreaense on Cydonia vulgaris 

- Relation op Stomatal Movement to Inpection by Cercospora 

BETICOLA 


Plate LXXX. Fig. i. — Stomatoscope designed by Dr. F. E. Lloyd and used 
for a part of these studies. Fig. 2.— Humidity box in place over plants in 
the greenhouse for maintaining different relative humidities; also a cog 
psyciiometer used for checking hygrothennographs kept among the sugar- 

beet plants 1038 

Plate LXXXI. Cercospora heticola Sacc: Conidia germinating on a sugar-beet 

leaf, with germ tubes entering open stomata 1038 


A New Penetration Needle por Use in Testing Bituminous 
Materials 

^TE LXXXII. Fig. I. — Direct enlargement of a package of No. 2 sewing 
^ ^ needles, showing the variations in shape. Fig. 2 . — Direct enlargement of 
■ penetration needles, showing the comparison between two standard needles 
: and seven needles of the new type prepared by the writers 1126 

I Relation op Green Manures to the Failure op Certain Seed- 
UNGS 

TE LXXXIII. Cotton seedlings, showing the effect of green manures on 
\ their growth: Fig. i. — Effect of different kinds of green manures added 
? to the soil. Fig. 2. — Effect of planting immediately after plowing under 
green manure. Fig. 3. — Effect of planting 2 weeks after plowing under 
green manure. Fig. 4. — Effect of the depth of green manure on germina- 
tion. Fig. 5. — Effect of sterilized and imsterilized oats used as a green 
manure. Fig. 6. — Effect of Rhizocionia sp. on germination in the pres- 


ence of green manure 1176 

(h,ATE LXXXI V. Clover, flax, and cotton seedlings, showing the relation 
[ of green manures to germination in sterilized and unsterilized soil: 
r; Fig. i, 2.— Clover. Fig. 3, 4.— -Flax. Fig. 5, 6.— Cotton 1176 


A New Spray Nozzle 

Plate LXXXV. The beginning of the spray from three kinds of nozzles, as 

photographed with a moving-picture camera 

Plate LXXXVI. Fig. i. — The appearance of spray from three kinds of nozzles 
as full pressure is applied (a continuatign of Plate LXXXV). Fig. 2 . — Two 

stages at the end of the spray as the pressure is reduced 

27468° — 16 2 
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TEXT FIGURES 

Effect of Alkali Salts in Soils on the Germination and Growth 
OF Crops 

Pase 

Fig. I. Diagram showing percentage of salts, mixtures, and their position in 

the diagrams of experimental sets 13 

2. Diagram showing the number of wheat plants up and dry matter pro- 

duced in 24 days on Greenville loam with sodium sulphate, sodium 
carbonate, and sodium chlorid in diSerent combinations and con- 
centrations 15 

3. Diagram showing the number of wheat plants up and dry matter pro- 

duced in 24 days on Greenville loam with calcium chlorid, magne- 
sium chlorid, and potassium chlorid in different combinations and 
concentrations r6 

4. Diagram showing the number of wheat plants up and dry matter pro- 

duced in 24 days on Greenville loam with potassium nitrate, mag- 
nesium nitrate, and sodium nitrate in different combinations and 
concentrations 16 

5. Diagram showing the number of wheat plants up and dry matter pro- 

duced in 24 days on Greenville loam with potassium sulphate, mag- 
nesium sulphate, and sodium sulphate in different combinations 
and concentrations 17 

6. Diagram showing the number of wheat plants up and dry matter pro- 

duced in 24 days on Greenville loan with ammonium carbonate, 
sodium carbonate, and potassium carbonate in different combina- 
tions and concentrations 17 

7. Diagram showing the number of wheat plants up and dry matter pro- 

duced in 14 days on coarse sand with sodium sulphate, sodium car- 
bonate, and sodium chlorid in different combinations and concen- 
trations 18 

8. Diagram showing the number of wheat plants up and dry matter pro- 

duced in 14 days on coarse sand with calcium chlorid, magnesium 
chlorid, and potassium chlorid in different combinations and con- 
centrations 18 

9. Diagram showing the number of wheat plants up and dry matter pro- 

duced in 14 days on coarse sand with potassium nitrate, magnesium 
nitrate, and sodium nitrate in different combinations and concen- 
trations 19 

TO. Diagram showing the number of wheat plants up and dry matter pro- 
duced in 14 days on coarse sand with potassium sulphate, m^esium 
sulphate, and sodium sulphate in different combinations and con- 
centrations 19 

11. Diagram showing the number of wheat plants up and dry matter pro- 

duced in 14 days on coarse sand with ammonium carbonate, sodium 
carbonate, and potassium carbonate in different combinations and 
concentrations ” 20 

12. Diagram showing the number of wheat plants up and dry matter pro- 

duced in 16 days on College loam with sodium sulphate, sodium 
carbonate, and sodium chlorid in different combinations and con- 
centrations ao 

13. Diagram showing the number of wheat plants up and dry matter pro- 

duced in 16 days on College loam with calcium chlorid, magnesium 
chlorid, and potassium chlorid in different combinations and con- 

ai 
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Fig. 14. Diagram showing the number of wheat plants up and dry matter pro- 
duced in 16 days on College loam with potassium nitrate, magnesium 
nitrate, and sodium nitrate in different combinations and concen- 
trations 21 

15. Diagram showing the number of wheat plants up and dry matter pro- 

duced in 16 days on College loam with potassium sulphate, magne- 
sium sulphate, and sodium sulphate in different combinations and 
concentrations 22 

16. Diagram showing the number of com plants up and dry matter pro- 

duced in 21 days on Greenville loam with sodium sulphate, sodium 
carbonate, and sodium chlorid in different combinations and con- 
centrations 22 

17. Diagram showing the number of barley plants up and dry matter pro- 

duced in 24 days on Greenville loam with sodium sulphate, sodium 
carbonate, and sodium chlorid in different combinations and con- 
centrations 23 

18. Diagram showing the number of wheat plants up and dry matter pro- 

duced in 16 days on College loam with ammonium carbonate, sodium 
carbonate, and potassium carbonate in different combinations and 
concentrations 23 

19. Diagram showing the number of oat piants.up and dry matter produced 

in 2 1 days on Greenville loam with sodium sulphate, sodium carbon- 
ate, and sodium chlorid in different combinationsand concentrations . 24 

30. Diagram showing the number of sugar-beet plants up and dry matter 
produced in 21 days on Greenville loam with sodium sulphate, so- 
dium carbonate, and sodium chlorid in different combinations and 
concentrations 24 

21. Diagram showing the number of alfalfa plants up and dry matter pro- 

duced in 21 days on College loam with sodium sulphate, sodium 
carbonate, and sodium chlorid in different combinations and con- 
centrations 25 

22. Diagram showing the number of Canada field-pea plants up and dry 

matter produced in ai days on Greenville loam with sodium chlorid, 
sodium sulphate, and sodium carbonate in different combinations 
and concentrations 25 

23. Diagram showing the number of seedlings alive and dry matter pro- 

duced in tops and roots in 21 days witli solutions of sodium chlorid, 
sodium sulphate, and sodium carbonate in different combinations 
and concentrations : 26 

24. Digram showing the number of wheat seedlings alive and dry matter 

produced in tops and roots in 21 days with solutions of potassium 
chlorid, calcium chlorid, and magnesium chlorid in different com- 
binations and concentrations 37 

25. Diagram showing the number of wheat seedlings alive and dry matter 

produced in tops and roots in 21 days with solutions of sodium nitrate, 
potassium nitrate, and magnesium nitrate in different combinations 
and concentrations 27 

26. Curve showing the number of wheat plants germinating in College 

loam, Greenville loam, and sand with different concentrations 29 

2 7 . Curve showing the number of wheat plants germinating in College loam , 

Greenville loam, and sand containing various salts 30 

28. Curve showing the effect of variotis combinations of salts in different 

concentrations on the number of wheat plants germinating 30 
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Fig. 29. Curve showing the effect of concentration of salts on the number of 

seeds of various kinds germinating 31 

30. Curve showing the effect of sodium chlorid, sodium carbonate, and 

sodium sulphate on the number of plants up from seeds of various 
kinds * 3a’ 

31. Curve showing the dry weight of wheat plants germinating in College 

loam, Greenville loam, and sand with different concentrations 3a 

32. Cmwe showing the dry weight of wheat plants germinating in College 

loam, Greenville loam, and sand containing various salts 33 

33. Curve showing the effect of various combinations of salts in different 

concentrations on the amount of dry weight produced 33 

34. Ctirve showing the effect of concentration of salts on the dry weight of 

plants from seeds of various kinds ■ 34 

35. Curve showing the effect of soduim chlorid, sodium carbonate, and 

sodium sulphate on the dry weight from seeds of various kinds 35 

36. Curve showing the number of days for wheat plants to come up in Col- 

lege loam, Greenville loam, and sand with different concentrations. , 36 

37. Curve showing the number of days for wheat plants to come up in Col- 

lege loam, Greenville loam, and sand containing various salts 37 

38. Curve showing the effect of various combinations of salts in different 

concentrations on the number of days to come up 38 

39. Curve showing the effect of concentration of salts on the number of days 

to come up from seeds of various kinds 38 

40. Curve shouang the effect of sodium chlorid, sodium carbonate, and 

sodium sulphate on the number of days to come up from seeds 0/ 
various kinds ■- 39 

41. Curve showing the height of wheat plants germinating in College loam, 

Greenville loam, and sand with different concentrations 39 

42. Curve showing the height of wheat plants germinating in College loam, 

Greenville loam, and sand containing various salts 40 

43. Curve showing the effect of various combinations of salts in different 

concentrations on the height of plants 40 

44. Curve show ing the effect of concentration of salts on the height of plants 

from seeds of various kinds 41 

45. Curve showing the effect of sodium chlorid, sodium carbonate, and 

sodium sulphate on the height of plants from seeds of various kinds. . 41 

46. Diagram showing the percentage of alkali salt in loam soil giving about 

half normal germination and production of dry matter in wheat 49 

47. Diagram showing the percentage of alkali salt in coarse sand giving 

about half normal germination and production of dry matter in wheat 50 

48. Curve show’ing the percentage of sodium chlorid, sodium carbonate, 

and sodium sulphate in Greenville loam giving about half normal 
germination and production of dry matter 51 

Perennial Mycelium in Species op Peronosporaceae Related to Phytoph- 

THORA INFESTANS 

Fig. I. A cross section of a stem of Helianikus divaricatus which is infected with 

Plasmopara kaUtedii 65 

Hibernation op Phytophthora infestans in the Irish Potato 

Fig. I. Cross section of a potato plant, showing the mycelium of Phytophthora 
infestans, which has killed the cells of the cortex and is a later stage 
than that shown in figure 3 89 
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Fig 2 A pMtion of the same section of a potato plant shown in figure i , show- 
ing the mycelium in the pith region of the stem 90 

3. A cross section of the cortical region of a potato stem, showing the 

mycelium of Pkytophthora infestans gr 

An AirroMAtic Transpiration Scale op Large Capacity por Use with 
Freely Exposed Plants 

Fig. I. Vesque’s automatic balance for measuring transpiration 118 

2. Anderson’s apparatus for measuring transpiration 118 

3. Ganong’s automatic trauspirometer 119 

4. Woods's adaptation of Marvin’s weighing rain gage as a transpiration 

balance 120 

5. The Marvin register used by Woods for recording transpiration 120 

6. Schematic diagram of Blackman and Pmne’s recording trauspirometer 121 

7. Krutizky 's potometer for recording transpiration 121 

8. The transpiration balance of Richard Frferes with its recording appara- 

tus 122 

9. Copeland’s apparatus for recording transpiration 123 

10. Corbett's apparatus for measuring transpiration 124 

11. View of the beam and auxiliary equipment of the platform transpira- 

tion scale designed to carry large pots of plants weighing 150 kgm. 
or more 125 

12. Details of the ball-dropping mechanism 126 

13. Dashpot for preventing the oscillation of the beam during windy 

weather 127 

14. Spring motor, showing the cam K for raising the beam, and the fan F 

for regulating the speed 127 

15. Another view of the spring motor, showing the control mechanism . . , 128 

16. Sample records from the automatic transpiration scale 129 

17. Wiring diagram of the electric circuits of the automatic transpiration 

scale 130 

18. Transpiration graphs corresponding to the three records given in figure 

16, plotted in rectangular coordinates 131 
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EFFECT OF ALKAEI SALTS IN SOILS ON THE GERMI- 
NATION AND GROWTH OF CROPS 

By Frank S. Harris, ^ 

Professor of Agronomy, Utak Agricultural Experiment Station 
INTRODUCTION 

In arid regions the soil is likely to contain an accumulation of soluble 
salts in such quantities that the growth of vegetation is hindered. 
Indeed, in many sections the type of vegetation is determined almost 
entirely by the alkaU content of the soil. Every grade may be found, 
from the soil containing so much soluble salt that no vegetation whatever 
MU grow to the soil containing scarcely sufficient soluble material for the 
^eeds of plants. 

I In the western part of the United States there are millions of acres of 
Ipid of each alkali type. The worst of these lands need not be considered 
M present for agricultural purposes, but there are vast areas just on the 
^rder line. If everything is favorable, they produce profitable crops; 
put during the average year crops are a failure. If a permanent agri- 
^ture is to be established on these soils, it will be necessary to increase • 
i^-eatly our knowledge of methods of handling them, 
j A large part of the unsettled land of the West contains more or less 

E lkali. Chemical analysis of the soil can easily be made and the alkali 
ontent determined; where the alkali content is very high, the land is 
^ot suited to agriculture; where it is low, the alkali can not be con- 
jndered an interfering factor. It is the soil containing a medium'amount 
that causes the difficulty. Many projects that were condemned when 
an analysis of the soil was made have proved later to be fertile agricul- 
tural tracts. On the other hand, lands whose salt content was thought 
to be sufficiently low for crop production have later been abandoned. 
There are not sufficient exact experimental data available to make it 

1 The author wishes to acknowledge his indebtedness to his assistants, Messrs. Howard J. TUTatighan 
George Stewart, and A. F. Bracken, ior their faithful and intelligent efforts in conducting certain pirt: ol 
the work; to Mr. R. M. Madsen. Miss Alma Esplin. and Mr. I. Butt for their care in nuay 

laborious computations; and to a number of other faithful who helped in conducting the 

Experiments. . 
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possible in all cases to determine how well crops will grow in a soil of 
known alkali content. 

In view of the great practical importance of the subject as well as its 
scientific interest, considerably more information should be gathered on 
the relation of alkali in soils to crops. The limits of endurance of each 
crop for each salt in the different kinds of soil should be fixed with much 
greater exactness. 

It was in response to this need that the work reported in this article 
was undertaken. 

REVIEW OF THE LITERATURE 

The effect on plants of the salts classed as alkali has been the subject 
of much investigation, but the greater part of this work has been done in 
solution cultures rather than in the soil. By using water cultures an 
attempt has been made to limit the great number of factors that exist 
in the soil, where some of the salts are neutralized and others are absorbed. 
The work of Loew {i6),^ Kearney (12-14), Harter (7, 14), Cameron 
(5, 13), Breazeale (1-2, 5), Dorsey (6), Osterhout (20-21), True (26), 
McCool (18), and others in this country and numerous workers in Europe 
has added many facts to our knowledge of the action of single salts and 
balanced solutions on plants grown in water cultures. These workers 
have shown the great toxicity of salts like magnesium when used alone 
in a water culture and how this toxicity may be reduced by the presence 
of other elements. 

The facts obtained in these experiments have increased our knowledge 
of plant physiology and the fundamental nature of alkali; but conclu- 
sions drawn from them should not be too definitely applied to the action 
of alkali as it is found in the soil. 

For example, in solution cultures the salts of magnesium when present 
alone are very toxic, while if added to a normal soil they are no more 
toxic than a number of other salts. Again, Kearney and Cameron (13) 
concluded from their work with solutions that “the toxic effect of inju- 
rious salts is due very much more to the influence of the cathions (derived 
from the basic radicle) than to the anions (furnished by the add radicle).” 
This may be true for solution cultures, but it certainly does not always 
hold for salts added to soils, as the results in the present paper will 
show. 

It is derirable, therefore, in studying the effect of soil alkali on plants 
to use soil as a medium in which to grow the plants, even though it is 
somewhat difficult to watch all the factors involved. 

In 1876 Toutphoeus (9), and Henri Vilmorin (9) about the same time, 
published results of experiments showing that chemical fertilizers when 
added to the soil in too large quantities inhibit the germination of 
seeds. 


> Reference is made by number to “Literature cited," p. 57-53. 
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Nessler in 1877 (9) stated that 0.5 per cent erf cooking salt (sodium 
chlorid) injured the germination of rape, clover, and hemp, and that 
wheat withstands this solution, but is injured by a i per cent solution. 

Hilgard was a pioneer in the study of alkali soils and as early as 1877 
began publishing results on his investigations in California. From that 
time to the present his contributions, together with those of Loughridge, 
his associate, have constantly enriched the literature. Their results are 
contained in numerous publications of the California Agricultural Experi- 
ment Station and were well summarized by Hilgard in 1906 (ii). 

An excellent review of the work done on alkali in the United States 
up to 1905 is also given by Dorsey (6). A large proportion of the work 
on alkali in this country has consisted of the analysis of soils for *the 
determination of the presence of various alkali salts. 

A number of workers, however, have investigated the amounts of the 
different salts necessary to inhibit crop growth. Hilgard (10) and 
Loughridge (17) made numerous studies of the alkali content of Cali- 
fornia soils and the limits of concentration of the various salts at which 
cultivated and native plants cease to grow. 

Buffum (3), Slosson (23), and Knight and Slosson (15) in Wyoming 
carried on many experiments on the effect of alkali on the germination 
of seeds and growth of crops. From their results they concluded that 
there is a regular decrease in the germination of seeds as the osmotic 
pressure increases; and there is no apparent difference between sodium 
or potassium,, or between the sulphate and chlorid of the same or differ- 
ent salts. It will be noted that this conclusion is not borne out by the 
data contained in the present paper. 

Headden (8), working with sugar beets, found that varieties differed 
in their resistance to alkali. He also determined the effect of sodium 
carbonate, sodium sulphate, and magnesium sulphate on the germina- 
tion of sugar-beet seed. He concluded that — 

The best seed germinated freely in soil containing as much as o.io per cent of sodium 
carbonate but the plants were attacked by as much as 0.05 per cent and it is doubtful 
whether any of them can survive when there is as much as o- 10 per cent of this salt 
present in the soil. Sodium sulphate affects the germination to a much less degree, 
even when it is equal to 0.90 per cent of the air-dried soil, but it is injurious when 
present in larger quantities. UTien both sodium carbonate and sodium sulphate are 
present in equal quantities, the action of the carbonate, or black alkali, is only slightly 
or not at all mitigated. Magnesium sulphate retards, but does not prevent germination 
when present in quantities equal to i per cent of the air-dried soil. 

Stewart (25) made germination tests of a number of crops in soil to 
which different quantities of alkali salts had been added. He found 
sodium carbonate to be the most injurious of the alkalies with most crops. 
However, with white clover and red clover white alkali proved as injuri- 
ous as the black. In their resistance to alkali the cereals stood in the 
following order: Barley, rye, wheat, and oats, barley being the most 
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resistant. He iound tiaat 0.50 per cent of either carbonate or chlorid 
was fatal to gemunation in almost all cases. 

Hicks (9) found that — 

Muriate of potash and sodium nitrate used as fertilizers in strengths of i per cent 
or more axe very defrimental to the germination of seeds, whether applied directly 
qr mixed with the soil ; that the chief injury to germination from chemical fertilizers 
is inflicted upon the young sprouts after they leave the seed coat and before they 
emerge from the soil, while the seeds themselves are injured only slightly or not at all. 

Shaw (22) after a great many tests was led to the conclusion that 
wherever the chlorid content of soil approached 0.2 per cent beet culture 
was unsuccessful. 

* ■ Kearney (i 2) listed crops most likely to succeed in alkali of various 
concentrations, as follows: Excessive alkali (above 1.5 per cent), native 
knd^ foreign saltbush and salt grasses; very strong alkali (i.o to 1,5 per 
cent), date palm and pomegranate bushes; strong alkali (0.8 to i per cent), 
sugar beets, western wheat-grass, awnless brome-grass, and tall meadow 
oat-grass; medium strong alkali (0.6 to 0.8 per cent), meadow fescue, 
Italian rye-grass, slender wheat-grass, foxtail millet, rape, kale, sorgo, 
and barley for hay; medium alkali (04 to 0.6 per cent), redtop, timothy, 

■ orchard grass, cotton, asparagus, wheat for hay, oats for hay, rye, and 
barley; weak alkali (0.0 to 04 per cent), wheat for grain, emmer for 
grain, oats for grain, kafir, milo, proso millet, alfalfa, field peas, vetches, 
horse beans, and sweet clover. 

Miyake (19), working on the effect of the chlorids, nitrates, sulphates, 
and carbonates of sodium, calcium, magnesium, and potasrium on rice, 
found that the antagonistic action of individual salts was in part overcome 
when the salts were combined. 

PRELIMINARY STUDIES 
RESULTS IN X912 

The study of soil alkali in its relation to the growth of plants was 
begun by the Utah Experiment Station in 1912. The first tests were 
made in glass tumblers which held about 200 gm. of soil. The soil 
used was loam from the Greenville (Utah) Experimental Farm. The 
chemical and physical analyses of this soil are given in Tables VIII 
and IX. 

The crops were New Zealand wheat {Triiicum aesUvuin) and sugar 
beets {Beta vtUgaris), 10 seeds being planted in each glass. Each sugar- 
beet seed, or ball, contains more than one germ; hence, more plants 
were usually obtained than the number of seeds planted. 

The salts were added from stock solutions and were thoroughly mixed 
with the soil two or three days before the seeds were planted, July 28. 
The sugar beets were harvested on August 5, and the wheat on August 10. 
The plants that had come up were counted and their height and dry 
weight determined. The results are given in Tables I, II, and III. 
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TablS !• — Percenictge of gertnination ef wheat and sugar bedts in soil containing sodium 
chlorid, sodiuin carbonate, sodium sulphate, and magnesium sulphate in different con^ 
centrations. Salts added in solution 


Percentage of germination. 


Concentration 
of salts <p. p- m. 

WHeat, 

Sugar beets. 

of dry soil)- 

Sodium 

chlorid. 

Sodium 

carbonate. 

Sodium 

sulphate. 

Magne* 

slum 

sulphate. 

Sodium 

chlorid. 

Sodium Sodium 
carbonate. stJphate. 

Magne- 

slum 

sulphate. 

None 

90 i 

90 

90 

90 

123 

123 123 

123 

lOO 

60 j 

100 

80 

80 

90 

50 100 

80 

500 

90 

70 

40 

90 

150 

40 70 

100 

1,000 

60 

70 1 

80 

80 

170 

90 zzo 

1 120 

2,000 

40 

70 1 

60 

90 

130 

120 120 

160 

3,000 

0 

SO 

SO 

60 

20 1 

100 200 

no 

4,000 

0 

50 

70 

70 

0 

Z30 210 

, 180 

5-000 

0 

80 

60 

50 

0 

150 250 

70 

6,000 

0 

70 

60 

90 

0 

90 190 

120 

7,000 

0 

30 

80 

60 

0 

20 210 

210 

8,000 

0 

40 

40 

80 

0 

0 150 

240 

9,000 

0 

30 

70 

60 

0 

0 xoo 


10,000 

0 

0 

40 

70 

0 

0 110 

210^ 


TabIv^ II. — Average height (in centimeters) of wheat and sugar-beet plants raised in soil 
containing alkali salts in various concentrations 



6 . Jourtutl of Agricultural Research Voi. v.no. « 


Tabi,S III . — Quantity of dr^ matter {in ^ams) produced by wheat and sugar-beet plants 
raised in soil containing al^li salts in various concentrations 



Dry matter. 

Concentration 


Wheat. 



SuEUr beets. 


ot salts (p. p. m. 









of dry s<^). 










Sodium 

Sodium 

Sodium 

Masne- 

Sodium 

Sodium 

Sodium 

Hague* 


chlorid. 

carbonate. 

sulphate. 

sulphate. 

chlorid. 

carbonate. 

sulphate. 

sulphate. 

None 

0. 13 1 

0. 131 

0. 131 

0. 131 

0. 020 

0. 020 

0. 020 

0. 020 

100. 

■095 

. 142 

, 100 

. I18 

. 016 

. lOI 

.019 

.013 

500 

.185 

, 082 

. 070 

. 117 

.032 

.007 

. 012 

.017 

1,000 

. 050 

. no 

. 103 

■ 147 

.034 

.015 

. 020 

, 018 

2,000 

.034 

. 117 

. 121 

. 114 

. 017 

.023 

.005 

. 027 

3>ooo 


. 098 

■075 

. 114 : 

.005 

.023 

•033 

.029 



. 080 

, 078 

. 108 ! 


. 026 

* ®39 

• 03^ 



c.ono 


. 119 

.080 

■ ®73 


. 026 

. 048 

. 013 

n,r>nn 


. 090 

.088 

. 144 


■ 0^3 1 

' 035 

■ 023 

7,000 


•039 

.052 

. 060 


. 002 

•035 

•037 

8,000 


.034 

.036 

. 129 ; 



.025 

.038 







[ 

. 010 

. 048 

.094 



.015 

•033 



1 



10,000 



. 029 

. 126 



,015 

-035 








While the data in the tables are somewhat irregular on account of the 
comparatively small number of plants used, a few facts come out rather 
clearly. Probably the most conspicuous of these is the relatively high 
toxicity of sodium chlorid (NaCl) in Greenville soil when compared with 
other salts. 

Two thousand p. p. m., or 0.2 per cent, marked the limit of growth 
for wheat, while three thousand p. p. m, was the limit for sugar beets. 
There w|is germination and growth with considerably more sodium car- 
bonate (NaaCOs) than sodium chlorid, although the carbonate dissolved 
the organic matter from the soil, producing a very bad physical condition. 
Magnesium sulphate (MgS04) was only slightly toxic at a concentration 
of I per cent of the soil, while sodium sulphate (Na^SOJ was more toxic, 
but produced fair crops where i per cent was present. The percentage 
of germination, the height of plants, and the dry weight all correspond in 
showing where the growth began to be retarded by salt. 

In order to determine the effect of the percentage of soil moisture on 
the toxicity of alkali, tests were made with soils having 12.5, 15, 17.5, 
20, 22.5, 25, 27.5, and 30 per cent of water on the dry basis. At the 
one extreme the soil w^as about as dry as plants would grow in, while at 
the other it was completely saturated. The soil used was Greenville 
loam, and the seed planted was New Zealand wheat. The methods 
were the same as those already described, with 10 seeds in each glass. 

The seeds were planted on August 16 and the plants harvested on 
September 27. The results are shown in Table IV. 
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Tabw IV .— of soil moisture on ike toxicity of sodium carbonate on wheaf plants 
number oe seeds germinated in each glass - 


Concentratioii 
of sodium car- 
bonate (p. P> 
m. of dry soil). 

Percentage of soil moisture. 

1 . 

13.S 

15 

17-5 

30 

33.5 

as 

* 7-5 

30 

4,000 

8 

9 

9 

9 

9 

8 

7 

9 

5,000 

8 

8 

8 

8 

7 

6 

6 

10 

6,000 

2 

9 

? 1 

7 

5 i 

9 

7 

8 

7,000 

4 

3 

8 

5 

6i 

S 

3 

S 

8,000 

I 

8 

7 

6 

4 ■ 

3 ^ 

3 i 

4 

9,000 


5 

5 

5 

3 

3 1 

I : 

1 

10,000. 



3 

5 

s 

4 

3 ' 

I 

11,000 

1 

I ! 

2 

4 

3 ^ 

3 1 

2 1 

1 


AVERAGE HEIGHT OE PLANTS (cENTIMETERS) 


4,000 

14 

20 ■ 

23 

29 

25 

27 

25 

26 

5,000. ...... 

12 

19 ; 

24 

23 

24 

25 i 

24 

27 

6,000 

10 

20 

21 

21 

19 

23 

22 : 

26 

7,000 

7 

6 

20 j 

10 

14 

21 

10 

12 

8,000 

I 

8 

8 

8 

8 

13 

16 

7 

9,000 


S 

5 

4 

4 

5 

7 

4 

10,000 


0 

1 

3 

3 

1 8 

7 

I 

II,OO 0 

I 

1 

2 

3 

2 

4 

3 

4 


DRY MATTER PRODUCED PER GLASS (grAMS) 


4,000 

0. 090 

0. 136 

5^000 

. 072 , 

. 123 

6,000 

.028 

*i 3 t 

7,000 

. 026 

! 

. ot8 

8,000 

0 

. 040 

9,000 

0 

. 019 

10,000 ! 

0 

0 

11,000 

. OO T 

. 001 


0. 147 

a 216 

0. 197 

• 125 

•131 

• 131 

• 145 

■ 113 

.097 

• 139 

. 046 

.090 

•055 

.051 

. 048 

. 026 

. 024 

. 019 

. oil 

. 008 

' . 018 

. 010 

. 019 

■ 013 


a 166 

o- iSS 

a 196 

. 120 

. 112 

. 202 

■ 145 

• 137 

• 154 

.085 

,050 

, 078 

*055 

.074 

■052 

•035 

■043 

.021 

.065 

.036 

. 028 

. 014 

. 016 

. 025 


From Table IV it is seen that the number of seeds germinating, the 
average height of plants, and the dry matter produced all decrease with 
the increased concentration of the alkali. The plants appear able to 
endure alkali better with a fair supply of moisture in the soil than where 
the soil is dry. This may be due to the fact that the soil solution is 
diluted bv the water. Where the soil moisture was as low as 12.5 per 
cent, growth practically ceased at 7,000 p. p, m. of sodium carbonate, 
but in the wetter soils there was growth with as high a concentration as 
11,000 p. p. m. 
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RESULTS IN 1913 

On account of the inability to use a large number of seeds in glass 
tumblers, germination tests were made in tin plates in which 100 seeds 
could be used. An equivalent of 150 gm. of dry soil was placed in each 
tin plate and the necessary quantity of dry salt added. The salt was 
well mixed into the soil, which was made up to about 20 per cent of 
moisture. The seeds were planted and the pans covered with glass to 
prevent the escape of moisture. The number of seeds germinating was 
determined every day for three weeks. The results are summarized in 
Table V. 


Tabi,B V. — Percentage of germination of seeds of New Zealand wheat which germinated 
in 21 days in Greenville soil containing varioiss alkali salts. Salts added dry 


Cbucentration of salt 
(p. p. m. of dry 

j 

Percentage of germination. 

Sodium 

chlorid. 

Sodium car- 
bonate. 

! 

Sodium sul- 
phate. 

j 

Magnesium 

sulphate. 

Equal parts 
of sodhun 
chlorid, so- 
dium carbon- 
ate, sodium 
sulphate, and 
magnesium 
sulphate. 

Equal parts 
of sodium 
chlorid, so- 
dium carbon- 
ate, sodium 
sulphate, and 
, magnesium 
' sulphate-Fi 
per cent of 
caldum sul- 
phate. 

None 

92 

! 

92 

97 

92 

92 

92 

2, 000 

65 

84 

100 

89 

88 

86 

4, 000 

6 

92 

1 91 

89 I 

86 

83 

6, 000 

2 

Si 

69 

90 j 

63 ' 

47 

8 , 000 

0 

88 

53 

91 1 

13 1 

13 

10, 000 

0 

99 

12 

86 

8 

0 

12, 000 

0 

62 

14 

92 

0 

0 

14, 000 

0 

21 

V 

1 

85 1 

0 

0 

16, 000 

0 

7 

! 2 

. 79 

0 

0 

18, 000 

0 

4 

1 0 

88 

0 

0 

20, 000 

0 

0 

I 

83 

0 

0 


On examining Table V it is seen that sodium chlorid was by far the 
most toxic of the alkali salts and magnesium sulphate the least. The 
data given can not be taken as final, since all of the salts were not entirely 
dissolved and white salts could be seen scattered throughout the soil. 
The low harmfulness of sodium carbonate was probably due in part to the 
fact that it is not so readily soluble as the other salts when applied dry. 

> The mixed salts were more harmful than any single salt, with the 
exception of sodium chlorid, and it is probable that the harmfulness 
of the mixed salts was due largely to the sodium chlorid. 

Since there was such a great difference in the effects of the various 
salts, a second, experiment was made to determine more exactly the 
critical point of concentration. The results of this test are summarize 
in Table VI. 
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TabI/B VI. — Percentage of germination of New Zealand wheal in soil containing alkali 
salts in different quantities. Sails added dry 


Sodium chlorid. 

Sodium car- 
bonate. 

Sodium sul- 
phate. 

Magnesium sul- 
phate. 

Equal parts of 
sodium chlorid, 
sodium carbon- 
ate. sodium sul- 
phate, and mag- 
nesium sul- 
phate. 

Equal parts of 
sodium chlorid, 
sodium carbon- 
ate, sodium sul- 
phate, and mag- 
nesium sul^jhate 
- 1 - 1 per cent of 
calcium sul- 
phate. 


Seed 


Seed 


Seed 


Seed 


Seed 


S<^ 


eer- 


ger- 


ger- 


ger- 


ger- 


ger- 

P. p. m. 

mi' 

P. p. m. 

mi- 

P. p. m. 

mi- 

P, p. m. 

mi- 

P. p. m. 

mi- 

P. p. m. 

mi- 




na- 


na- 


na- 


na- 


na- 




tion. 


tion. 


tion. 


tion. 


tion. 


P . d . 


P. d. 


P. cl. 


P . ct . 


P, ct . 


P.cl. 

None. 

92 

None. 

92 

None. 

92 

None. 

92 

None. 

92 

None. 

92 

800 

81 

10, 000 

8l 

2, 000 

So 

12, 000 

86 

4, 000 

77 

1, 000 

77 

1, 600 

82 

II, 100 

64 

4, 000 

83 

14, 000 

79 

5,000 

78 

2, 000 

79 

2, 400 

76 

12, 200 

66 

6,000 

«5 

16, 000 

75 

6, 000 

54 

3,000 

79 

3, 200 

50 

13^300 

32 

8, 000 

79 

18, 000 

82 

7,000 

51 

4,000 

79 

4,000 


14,400 

50 

10, 000 

69 

20,000 

81 

8, 000 

76 

5,000 

73 

4, 800 

6 

500 


12, 000 

43 

22,000 

78 

9, 000 

19 

6 , 000 

75 

5, 600 

7 

16, 600 

38 

14, 000 

20 : 

24, 000 

87 

10, 000 

12 

7,000 

68 

6, 400 

0 

17, 700 

23 

16, 000 

16 

26, 000 

66 

II, 000 

6 

8 , 000 

46 

7, 200 

0 

r8, 800 

13 

18, 000 

3 

28, 000 

56 

12, 000 

10 

9, 000 

38 

8, 000 

• 

0 

19, 900 

I 

20, 000 

0 

30, 000 

i 57 

13,000 

1 

TO, 000 

^3 


An examination of Table VI, in agreement with Table V, shows the 
germination to be greatly reduced by sodium chlorid in concentrations 
above 3,000 p. p. m., while it ceases entirely at about 6,000 p. p. m. 
With^dium carbonate a large reduction in germination occurred at 
about 10,000 p. p. m., but a few plants survived at about 20,000 p. p. m. 
The sodium sulphate showed about the same results as the sodium car- 
bonate, while the magnesium sulphate gave over a 50 per cent germina- 
tion at a concentration of 30,000 p. p. m. In the mixed salts the gyp- 
sum (calcium sulphate) did not have any great effect, possibly owing to 
the slowness with which gypsum dissolves. 

On comparing the data in Tables V and VI with those reported in 
Table I and also others given later in the paper, where the salts were 
first dissolved and added in solution, it will be found that the salts were 
more toxic wheii added in solution than when mixed with the dry soil. 
This may be due to the slow solution and diffusion of the salt when added 
dry, which probably helps to explain the common observ^ation that 
crops can sometimes be made to grow in a soil the analysis of which 
shows a very high total alkali content. It also explains why it is that 
crops growing on alkali land may look healthy and be growing vigor- 
ously until irrigated, when they are immediately killed. 

In order to determine more exactly the effect of soil moisture on the 
toxicity of alkali salts, sand was placed in tin plates, as previously 
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described. To this saKd salts were added in solution with the quantity 
of water necessary to bring the sand to the desired moisture content. 
Twenty-five kernels of Turkey , Red wheat were planted in each pan, 
which was then covered with window glass to retain the moisture. Any 
loss in moisture was made up from time to time. The percentage of 
germination at the end of three weeks is given in Table VII. 


Tablb VII . — Percentage of germination at the end of three weeks of the seeds of Turkey 
Red wheat in sand with different quantities of moisture and alkali salts. Salts added 
in solution 


Salt and concentration (p, p. m. of 


Percentage of water in sand. 


dry soil). 

12 

IS 

18 

31 

34 

Sodium chlorid: 






None 

75 

So 

84 

84 

78 

Soo 

92 

80 

72 

88 

80 

1, 800 

48 

80 

88 

76 

48 

2,400 

28 

60 

88 

80 

60 

V 2,900 


24 

68 

64 

44 

3,600 

0 

0 

84 

12 

16 

4,000 

0 

0 

36 

0 

8 

4 >Soo 

0 

0 

6 

0 

0 



0 

0 

4 

0 

0 

6,000 

0 

0 

0 

0 

0 

Sodium carbonate : 






None 

75 

80 

84 

84 

78 

1,200 

72 

68 

72 

84 

76 

1,600 

44 

56 

56 

60 

64 

2,000 

28 

36 

32 

44 

56 

^.700 

8 

4 

4 

H 

34 



0 

0 

0 

4 

4 

4,000 

0 

0 

0 

0 

0 

4,700 

0 I 

0 

0 

0 

0 

Sodium sulphate: 






None 

75 

80 

84 

84 

7 ® 

2,000 

88 

88 

92 

96 

88 

4,000 

36 

72 

80 

92 

68 

6,000 

12 

60 

72 

72 

72 

8,000 

8 

4 

20 

44 

! . 64 

10,000 1 

0 

0 

28 

36 

! 36 

12,000 1 

0 

0 

0 

12 

20 

14,000 [ 

0 

0 

0 

0 

4 

16,000 i 

0 

0 

0 

0 

4 

18,000 ! 

0 

0 

0 

0 

0 

Uagnesium sulphate ; | 

None 

75 

f 

80 1 

84 

84 

78 

12,000 

20 

24 

40 

28 

56 

14,000 

16 

12 

48 

48 

60 

16,000 

12 

16 

48 

52 

48 

18,000 

4 

8 

20 

44 

40 

20,000 

0 

4 

8 

16 

48 

22,000 

* 0 


0 

12 

12 

24,000 

0 

0 i 

0 

12 

12 

26,000 

0 

0 i 

0 

0 

4 

28,000. 

0 

0 j 

0 

0 

0 
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From Table VII it will be seen that germination was first retarded by 
the salts when the soils contained but a small amoimt of moisture. 
With most of the salts the highest germination was in the wettest sand, 
while with sodium chlorid the intermediate moisture gave the highest 
germination. 

It will be noted that in the sand sodium carbonate was more toxic 
than sodium chlorid. This same relation is also reported later in this 
paper with sand, although in all the tests with loam sodium chlorid was 
more toxic than sodium carbonate. A comparison of the limits of 
growth in sand with those already reported for loam brings out the fact 
that germination is reduced by a much lower concentration in sand than 
in loam. This is also brought out clearly in results reported later. 

outline of later work 

GENERAL METHODS OF EXPERIMENTATION 


A number of experiments were conducted in glass tumblers in which an 
equivalent of 200 gm. of dry soil was placed. Salts were added to the 
soil as follows: A stock solution of each salt was made up, containing 
an equivalent of 10 per cent of the anhydrous salt. The necessary 
quantity of the stock solution was then added to sufficient distilled water 
to make the soil up to 20 per cent water on the dry basis. The water 
containing the solution was thoroughly mixed with the soil on oilcloth 
and the whole placed in the glass. This method insured an even dis- 
tribution of the salt through the soil. 


In all cases the soil was made up to 2.0 per cent with moisture. This 
was about the optimum amount /or plant growth. Ten seeds were 
planted in each glass to a depth of K inch from the surface. After the seeds 
were planted the glass tumblers were covered with panes of window 
glass until the plants were up. This prevented evaporation and enabled 
the seeds to germiaate with an even soil-moisture content. 

Counts were made of the number of plants up each day, which made 
possible a determination of the relative time required for germination in 
the different treatments. The original moisture content was maintained 
by adding the necessary quantity of water every day or two. The plants 
were allowed to grow for two or three weeks, when they were harvested 
and measured and the dry weights determined. 


The data obtained for each glass therefore included (i) the percentage 
of germination, (2) the average time required for germination, (3) the 
average height of plants, (4) the average number of leaves, and (5) the 
dry matter produced. 


In each test there were 15 glasses for each concentration of salts, and 
there were lo concentrations. In addition, there were four check 
glasses to which no salt was added. This made 154 glasses for each test.. 
In the series there were 24 tests, which gave a total of 3,696 glasses. 
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Five determinations were made of the plants in each glass, making about 
18,450 separate determinations. This number was reduced somewhat 
by the fact that plants did not germinate in all the glasses, owing to the 
high salt content. With this great number of results it is impracticable 
to give all the data in detail; hence, only summaries will be presented. 

COMBINATION OF SALTS 


In each test containing 15 glasses three different salts were used. 
The glasses were arranged in the triangular diagram used in expresring 



0- SODIUM CHLORID 0* SODIUM SULPHATE SODIUM CARBONATE 

i.'^niagram showiiif percentase of salts, mixtures, and their position in the diAgrtnu of experimenttl 
sets. The arrantement of salts shown here is that in figure j, page 14. The same positions but with 
different salts apply to figures a to 35. 

three variables. This arrangement is shown in figure i, the salts in 
this case being sodium sulphate, sodium carbonate, and sodium chlorid. 
All 15 glasses contain the same total concentration of salts— for example, 
in figure i the concentration is i,ooo parts of salt per million parts of 
dry soil. 

• The glasses on the corners of the diagram which are marked " A/’ “ E/’ 
and “O’ contained loo per cent of the single salts. The other glasses 
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aloug the sides contained a mixture of two salts, while the glasses in the 
center contained ail three salts in the proportions indicated. 

It wiU be noted that the top glass ( 0 ) contained 100 per cent of sodium 
chlorid» the second row, with glasses M and N, 75 per cent of sodium 
chlorid, the third row, with glasses J, K, and L, 50 per cent of sodium 
chlorid, the fourth row, with glasses G, H, and I, 25 per cent of sodium 
chlorid, while the bottom row contained no sodium chlorid. The same 
order is followed with each of the other salts. Thus, there are glasses 
with each of the single salts, others with two salts in various combina- 
tions, and still others with all three salts in different proportions. From 
this arrangement it is possible to determine the effects of the single 
salts as well as the various combinations of salts. 

In order to find the effects of the concentration of salts, 10 different 
concentrations were tried for each three salts. These varied from i ,000 
to 10,000 p. p. m. of salt based on the dry soil. The combination of salts, 
as well as the soils and crops, are given in Table VIII. 

Tabi<E VIII . — Combinations of salts, soils, and crops used in concentration experiments 


Trial 

No. 

Combination of salts. 

I 

SoU. 

Crop. 

I 

Sodium chlorid, sodium sulphate, sodium carbonate. . 

' Greenville losim 

New Zealand wheat. 

3 

Potassium chlorid, calcium chlorid, magnesium chlo- 


.. . .do 

Do. 


rid. 




s 

Sodium nitrate, potassium nitrate, magnesium ni- 


. . . .do. 

Da 


trate. 

1 



4 \ 

Sodium sulphate, potassium sulphate, magnesium 

. 

do 

Do. 

\ 

sulphate. 

\ 

i 


5 1 

1 Potassium carbonate, sodium carbonate, ammomum 

\. 

do \ 

Do. 


1 carbonate 


1 


6 


1 


Do. 




Do. 


1 chlorid. 




g 




Do. 


{ trate. 






Do. 


sulphate. 







Do. 


carbonate. 




11 



Do. 

12 


do 

Do. 


rid. 





Sodium nitrate, potas^um nitrate, magnesium ni‘ 



Do. 


trate. 




14 

Sodium sulohate. notassium sulohate. maimesium 

do 

Do. 


1 sulphate. 




IS 

Potassium carbonate, sodium carbonate, ammonium 

do 

Do. 


carbonate. 



16 

Sodium chlorid, sodium sulphate, sodium carbonate 


Greenville loam 

Chevalier barley. 

17 



dn 

White flint com. 

iS 

Do 

dn 

Tlfltiigh o&ts> 

19 

Do 

dn 

StifAT beets. 

30 

Do 

dn 

Alfalfa. 

31 

Do 

dn 

Canada fleld peas. 

33 

Do 


2^cw Zealand whea^ 

83 

Potassium dhlorid. calcinm chlorid. magnefanm 

do 

Do. 


chlorid. 



»4 

Sodium nitrate, potassium titrate, mflpieRtiim li 


do 

Do. 


trate. 





carbonate used has the fonnule (NH4 )jCOi(NH«>iCOiNHj, but the simpler fortnola, 
IS used for convenience. 
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description of soils 

The following analyses were made by members of the Utah Station 
staff from soils taken from the same fields as the soils used in the experi- 
ments. While the analyses are not of the exact soils used, they will be 
useful, since the soils in these fields are very uniform. See Tables IX 
and X. 


Table IX, — Chemical analysis of soils used {strong hydrochloric-acid digestion) * 


Constituent. 

Greenville 

sdl. 

College loam. 

Sand. 

Insoluble residue i 

Per cent, 

42, 18 

Per cent, i 
66. 69 j 

Per cent. 

51.06 

Potash (K3O) 1 

•*^7 i 

■55 1 

• 15 

Soda (Na^O) 

■35 , 

■49 i 

. 21 

Lime (CaOj) 

16.88 j 

7-41 1 

17-43 

Magnesia (MgO) 

6. 10 

4.15 

5-63 

Ironoxid (FegOj) 

3-03 1 

3-93 i 

.86 

Alumina {AI3O3) 

5-64 

3- 49 

1-25 

Phosphoric acid (P2O6) 

1 -41 . 

1 1 

•25 

.14 

Sulphuric acid (H2SO<) 

C^bon dioxid (COj) 

1 , 

1 19- 83 

.07 : 
7. 62 1 

■03 

2a 73 

Humus. 

•53 i 

2. x8 

-23 

Total nitrogen 

• 14 1 

1 i 

•^5 1 

. 02 


Table X.^ — Physical analysis of soils used {determined with Yoder eluiriator) 


1 Constituent. 

Greenville 

soil. 

College loam. 

Sand. 


Per cent. 

Percent. 

Per cent. 

CJoarse sand (above i nun.) 

9.84 

17.69 

7a 49 

Fine sand(i to 0.03 mm.) 

30.04 

37 - 39 

20. 75 

(ixarse silt (0.03 to o.oi mm.) ! 

32- 25 

IS- 19 

3-32 

Medium silt (o.oi to 0.003 mm.) 

12. 30 

10.36 

I- 54 

Fine silt (0.003 too, mm.) 

6. 25 

10. 32 

.81 

Clay (below 0.001 mm.) 

7. 62 

9 - 03 

2. 16 

Real specific gravity 

2. 67 

2. 64 

2.81 

Apparent specific gravity 

1.23 

I, 32 

1.32 


^ For methods followed, see Wil^, H. W.. et al. Official and provisional methods of analysis, Assoda* 
tion of Official Agricultural Chemists. U. S. Dept. Agr., Bur. Cbem., Bill. 107 (rev.), 371 p., 1908. 


DETAILS OF GERMINATION OF PLANTS AND DRY MATTER PRODUCED 
GREENVILLE SOIL 

In accordance with the outline already given, five tests were made with 
Greenville soil, three different salte being used in each test. The arrange- 
ment <rf glasses, the number of seeds germinated, and the dry matter 
produced in each glass are given in figures 2, 3, 4, 5, and 6. The name 
of the salt is given at the comer of each triangle. The combination of 
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th^ ^ts can readily be determined by consulting figure i. The number 
irt the bottom of each triangle refers to the concentraticm of soluble salts 
in ^ the glasses of that triangle expressed in ports of anhydrous salt 
per ffliflion parts of dry soil. 

An examination of figure 2 shows that some seeds germinated in all 
g^a^esup to a ooncentration of 4,000 p, p. m., but that at 5,000 p. p. m. 
there ^as no germination in the glass having all sodium chlorid, and only 
gemnnation in one of the glasses with three-fourths sodium chlorid. 
In the part of the triangle toward the sodium chlorid the germination 
gradually decreed as the concentration increased. The sodium car- 
bonate and sodium sulphate showed almost a complete germination up 
to 10,000 p. p. m., or I per cent of salt. 






Jta. 9, — ^Diacmnt showing the number of wheat plants up and dry matter produced in 34 days on Green- 
ville loam witli sodium sulphate, sodium carbonate, and sodium dilorid in different combinations and 
conooitratioos. 


The greater toxicity of sodium chlorid as compared with sodium car- 
bonate was somewhat of a surprise, since most of the literature on alkali 
considers sodium, carbonate, or black alkali, as being by far the most 
harmful of the alkali salts. The results given here agree with those 
found in the experiments of 1912 and 1913 and are also borne but by 
the results shown in figures 7, 12, 17, 18, 19, 20, 21, and 22, where dif- 
ferent Gt<^ are compared. 

In the glasses that received sodium carbonate the surface was black 
with dissolved humus and w'as somewhat crusted, showing that the phys- 
icd condition had been injured. Notwithstanding this fact, seeds germi- 
nated in the schI and the plants grew for three weeks with no great injury 
except a slight blackening of plants at the surface of the soil with higher 
ccmoentrations. 

Figure 3 shows results for the chlorids of potassium, calcium, and 
magnesium. These chlorids are not as toxic as the chlorid of sodium, 
6770 «--. i 5— -2 
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but they are all more toxic than the sodium sulph£d« and sodium car- 
bonate. Magnesium chlorid seemed to be the least toxic the cbloiids 
that were tested. Germination in all of them fell off rapidly above 4^090 
ppm- 



tfiooppai^S^ lOiioppfn. ^oooppn 4jooof^. nffoopfm. 


OKK^NoS&t 



iXtooppm. loooppm. ^oodppA tcooppm r^coQpp* 


• = Ont plant. — = '(?J gm, itry matter. 

jtjQ, j -~r>in gtam showtoe tbc number of wheat plants up and dry inatter produced in 14 days on Greoi' 
Tilie with calcium chlorid, magnesium chlorid, asd iwtasnum ddorid in different combinationi 
and concentrations. 

In figure 4 the nitrates of sodium, potassium, and ms^esium are 
compared and the sodium found to be slightly more toxic than the others. 
The nitrates appear on the whole to be somewhat less toxic than the 
chlorids, but more so than the sulphates or carbonates. 



too0ppm.^S^^ Vfoappm. ioooppm. AMoppn. iipoop/un. 


Omk^Noiait 



& 333 M 





MOQppiR, loooppm. iioooppm. %oooppM. nnooppA 

• = One plant. ^ ^ 0.1 gm. dry matter. 

Fjo. 4. — Diagram lowing the number of wheat plants up and dry matter produced in a4 diya on Gnea* 
ville loam with potassium nitrate, magnesnun nitrate, and sodium nitrate in different com b hH ltioa* tfld 
coocestrations. 


The results for the sulphates of sodium, potassium, and magnesium are 
given in figure 5. There was practically complete germination with 1^ d 
the sulphates up to a concentration of i per cent; hence, but little differ- 
ence in the three salts can be seen. 
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With the carbonates shown in figure 6 there is a marked falling off with 
the animotiiam carbonate above 5,000 p. p, m. With the others there is 
a go(^ germination up to 10,000 p. p. m., similar to the results shown in 
figure 2. The formula given by the manufacturers of the ammonium 



O^0N95dtt 



Vn. y.— Dtagram ^axmmz the number of wheat plants up and dry matter produced in 74 days on Green- 
Tine loam with potassium sulphate, maenesium sulphate, and sodium sulphate in different combinations 
and omiccntrations. 


carbonate was (NH^)jC05(NH4)C02NH3 instead the shorter formula, 
(NH4),C0*, given on the figures. 

It is probable that the toxicity of the ammonium carbonate was due, 
in part at least, to the free ammonia that was constantly being given off 







KLOOOppm 


ftG. niacrm diowins the number of wheat plants up and dry matter produced in 24 days on Green- 
vitlc loam with amnuMiiuiii carbonate, sodium carbonate, and potassium carbonate in different combina- 
tittw and cmicnrtcatiais. * 


by this unstable compound rather than to the CO, part of the compound. 
It is a well-known fact that protoplasm is very sensitive to the action of 
free ammonia. 
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SAND 

Five sets of tests were conducted with wheat growing inr sand similar 
to those with the Greenville soil. 

In figure 7 the results for sodium chlorid, sodium sulphate, and sodium 
carbonate are given. The noticeable thing about these results, as well 










60 oo/>p/n. loooppm. aoooppm. . 

4 = One plant. — = 0.1 gm. dry matter. 



Fig. 7. — Diafram showing the number of wheat plants up and dry matter produced in 14 days on coarse 
sand with sodium sulphate, sodium carbonate, and sodium chlorid in difierent combinations and ooa- 
ccntrations. 




^pOpppM^ 



ejpOOppML V)OOp^ 







^ooofpm. loooppm. AtrtoppBL ^ooopptiL tnoooppm. 

. = One plant. — = 0.2 gm. dry matter. 


Pic. S. — Diagram showing the number of wheat plants up and dry matter produced in 14 days on coarse 
sand with calcium chlorid, magnesium chlorid, and potassium chlorid in difierent combinations and con, 
centrations. 


as ail those for sand, is that only about half as much salt is required to 
stop growth in sand as in either the Greenville soil or the College loam. 

The same general relations between the salts are shown here as in 
the Greenville soil, except that in the sand sodium carbonate is proper* 
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tionately more toxic tian in the other soils. This is exactly the same 
Jesuit that was obtained in 1913 in the experiments already described. 
In sand the carbonates seem to be nearly as toxic as the chlorids, while 
in the other soil they are very much less injurious. 



ChecK^NoSelt 



&6oopp*i. li^ppitn. A'ooopp/n. •oooppfli. w oooppm. 


One plant, — ^ 0,1 gm. dry matter, 

Fm. 9.-'I>ia{nim showins the number wheat plants np and dry matter produced in 14 days on coarse 
sand with potasshtm nitrate, magnesinm nitrate, and sodium nitrate in different combinations and 
ooneentrations. 





(iOPopptin. ZMoppA Aoooppm. aopopp/n noooppm 

• = One plant — = 0,1 gm. dry matter. 


Fjg. io.*->I>ia0ram showing the number of wheat plants up and dry matter produced in 14 days on coarse 
sand with potaBsinm sulphate, magnesium sulphate, and sodium sulphate in different combinations 
and amcartratkms. 

Figure 8 shows the same relationship between the chlorids as was 
brought out in figure 3. It also shows that these salts are in injurious 
lower concentrations in sand than in other soils. 

The nitrates are shown in figure 9 to be slightly less injurious than the 
chlorids in figure 8. The sodium salt is again shown to be more injurious 
than the others* 
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In sand the limit of growth in the presence o^ulph^es is shown by 
figure 10 to be less than 10,000 p. p. m,, while in the loam growth 
was scarcely retarded at this concentration. Plants seem able to re^ 
decidedly more magnesium sulphate than either potassium sulphate or 



tffoopfim. looopjM ^oooppm. wiooppm, tdoooppm. 

• = One plant. — = 0.1 fm. dry matter. 


Fig. ix>— Diagram showing the number wheat [Jants up and dry matter pro du ced in 14 days on coarM 

sand with ammonium carbonate, sodhun carbonate, and potassinm carbonate in different corabinatioiis 
and ccmccntrations. 


VmCI 



loooppn^*^ eflooppjn. 



ioooppm. 




40oe/f»L 



• = One plant. — =* 0.1 gm. dry matter. 

Fig. ja.— Diagram showing the nundxer of wheat plants up and dry matter produced in z 6 days on CoUege 
loam with sodium sulphate, sodium carbonate, and sodium chktrid in different cnmhtnattans and 
concentrations. 


sodium sulphate. This is in accord with the earlier results found in 1912 
and 1913. 

Figure 1 1 shows that there was no germination whatever in sand where 
even as little as 1,000 p. p. m. of ammonium sulphate were found, 
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any of the carfxwiates there was no germination for concentrations above 
4,000 p- p. m. 

COU>BG^ U>AM 

• The same number of tests, uang the same kinds of salts and seeds 
were conducted in College loam as in Greenville soil and sand. The 



Cflea@Ato5tf« 




(.ooofipn. xcoofyjim. 4000/^n, toooppffi. fapooppm. 

• OntpUmt. — » 0.1 gm. dry matter, ^ 

Flo. j3.“-IH«gtam showuiK the ntimbn ol wheat plants up and dry matter produced in x6 days on 
loam with caldum chlorid, maxnesium chlorid. and potassium chlodd in different and 
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CMOppfll; XOOOf^m, • dOOOf^A tOOOppA KOOOppm. 

• ^ One plant — ^ 0,1 gm. dry matter, • 

i 4 --I>iagram ^wiag the number ol wheat plants up and dry matter produced in 16 days on College 
TO potmsturn nitrate, magnestum nitrate, and sodkim nitrate in different combinations and 


results are shown in figures 12 , 13 , 14 , 15 , and 16 . These results agree 
so completely witl| those found for the Greenville soil that individual 
comment seems unnecessary. 
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COMPARISON OF CROPS 

In the manj^ment of alkaK land it is important to know the relative * 
resistances of various crops. Farmers who have been accustom^ to 
deal with alkali are well aware that certain crops can be made to grow 
where others would be a complete failure. 





tffooppin. ^pooppm. :iooop/an 4 ioo<^iprL 4000/yui. 


Cfiea^NoSstt 



6fiooppm xoooppin AOQoptpai noooppm 


s* One plant. — —0.1 gm. dry matter. 

Pic. 15.— DiaKram showing the number of wheat plants up and dry matter produced in 16 days on College 
loam with potassium sulphate, toasnesium sulphate; and sodium sulphate in different fvimhinartVw and 
concentrations. 




ifiooppsk. Tfiooppjn Apocppa. ^ eocoppeL ipoooppm. 

• — One plant. — ^0.1 gm. dry matter. 


Pig. i6.-'Diagram showing £he number of wheat plants up and dry matter produced in 16 days on College 
loam with ammonium carbonate, sodium carbonate, and potassium carbonate in different 
and ooncentratious. ^ 


A number of the common field crops were tested in the maimer already 
described. Greenville soil was placed in glass tumblers and sodium 
chlorid, sodium sulphate, and sodium carbonate added in the anm# 
combinations and concentrations previously used. Ten seeds were 
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planted m each glass. The crops compared were Vheat (Triticum spp.), 
barley {Hordeum spp.), oats (Avena saliva) y com {Zea mays)y alfalfa 
[Medkago saliva) y sugar beets {Beta vtdgaris)y and Canada field peas 
{Pisissn arvense). The results for wheat have already been shown in 






tfitioppm. zoooppm. nooopfigi jtoooppm. moocppm. 

• » One plant — 0.1 gm. dry matter. 

Fhj. ly. — Dii^;run dunring the number <rf barley plants up and dry matter produced in 34 days on Green- 
ville loa m with sodium sulphate, sodium carbonate, and sodium chlorid in diSerent combinations and 
concentrations. 




Cf)ect0ftoSa/t 



ftooofyuL loooppai oflooppm, «oooppirt taoooppK 

• — One plant. — = O.I ^m. dry matter. 

FUJ. iS, Diagram showing the number of corn plants up and dry matter produced in ar days on Green- 
ville loam with sodium sulphate, sodium carbonate, and sodium chlcHid in different fyifnhtnari.>tig an>t 
concentrations. 


figure 2, while those for the other crops will be found in figures 17, 18, 
I9» 20, 21, and 22. 

An examination of tl^e diagrams shows that the relation between the 
salts, pointed out in connection with wheat, holds for the other crops. 

According to the resistance of their seedlings to alkali,* the crops fall 
iato the foilbwing order: (i) Barley, (2) oats, (3) com, (4) wheat, (5) 
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sugar beets, (6) alfalfa,' and (7) Canada field peas. It may be that alter 
the crops get a good start thdr resistance would not be in ju^ iHs 
order; but in the percentage of seeds germinate this order seems tafabld. 
Bariey was able to withstand about twice as much alkali as field p^ks. 



zooopjm iocoppm. Aoooppn. ^pwppm. 





sfiooppm loooppm. a,oooppn, noooppn.. KL0»ppi*. 


• One plant. — = 0.1 gm. dry master^ 

Fx>. X9> — Diagram showing the muuba’ of oat i4ants up and dry matter produced in at dajnt <m Gree»' 
vilk loam with sodium sulphate, sodium carbonate, and sodium dbkrid in diffetcnt and 

coocentratioDs. 



CACrt0NO^ 



tocoppft AoooppMi toMppii ’n0oopp« 


■> • » One plant. — = 0.2 gm. dry matter. 

Fig. 30.— Diagram showing the number of sugafrbcet plants up and dry matter produced in ai days on 
Greenville loam with sodium sulphate, sodium carbonate, and sodium dilorid in different 
and ctmcentratiocs. 

SOLUTION CULTURBS 

In order to compare the effect of salts in solution cultures with the 
same salts in soils, a number of tests were made with seedlings growing in 
distilled water»to which various salts had been added. Glass tumbfers 
were filled with water containing the proper quantity of the desiied 





Effect of Alkali Salts in Soils on Crops 


25 


9^ution. Hie glasses were then cov^d with ^rafi^ed paper which 
bent over the edges and held in place by rubber bands. New Zealand 
wheat was germinated between mcnst filter papers until its roots were 
about hfttf an inch long, when 10 seedlings to each glass were placed in 



Otck^MaSett 



tj^oQpfOi. VKofipm. Aoooppm. tooo/tfua- nwppm. 

, lo Otie plant. — — OJ gm. dry matter. 


1^10. *x.— Diacram Uwwiiix thenunibeT ol aUftlfai plants up and dry matter produced in ax dayson Collcfe 
Ificm with f«***««« sulphate; wdhscn carbcaute, and sodium chlorid in different cmnbijtatioiis and coa- 
catraUods. 



Ornk^mSan 



CMo^yHR. tfloappm. MOMppoL «ooo/i^ iktnoppm. 

* s= Ow phnl. ^^0.1 gm. dry matiar. 


Fto. aa.— Diacnnii Uiowioe the number ol Canada ffeld-pca plants np and dry matter ta'oduced in xs 
- dairs ou GnenviUe loam with *ft*tiiwn dilorid, sodium sulphate, and sodium carbonate in different com* 
hinationa and coooctrtratioiia. 

holes in the paraffined paper, so that thdr roots grew down into the 
solutions. 

The loss of water due to transpiration was made up every day or two. 
The glasses were arranged in the triangular diagram as in the experi- 
ment^ with S(^ which have already been discussed. In each test the 
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con<^trations ranged’ from i,ooo parts of anhydrous salt for each 
1,000,000 parts of water up to 10,000 p. p. m. of salt. The see^io^ 
were allowed to grow 21 days before being harvested. At haiVes^t |:he 
following determinations were made of the plants in each glass: (t) 
Plants still alive, (2) average height of plants, (3) average length pf roots, 
(4) average number of leaves per plant, (5) dry weight of to||^, (6) dry 
weight of roots, (7) ratio of length of tops to length of roots, (8) ratio of 
wdght of tops to weight of roots. 

In the first test sodium chlorid, sodium carbonate, and sodium sidphate, 
were used; in the second, potassium chlorid, caldum chlorid, and mag- 
nesium chlorid; and in the third, sodium nitratp, potassium nitrate, and 
magnesium nitrate. Figures 23, 24, and 25 show in detail the number of 
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tatopfim, xoooppm. Aooopptit toooppiL noooppm. 

• = One plant. — = 0.7 gm. dry mutter; tops ] 0.1 gm. dry matter; roots. 


Fig. 23.— Diagram showing the number of seedlings alire^d dry matter produced in tops and roots bi 
91 day^ with solutions of sodium chlorid, sodium sulphate, and sodium carbonate in different oomblliaF 
tions and concentrations. 


plants alive at the end of three weeks, as well as the weight of top^and 
roots in each glass. 

An examination of the figures shows a gradual decrease in growth 
as the concentration of salts increased. Plants were able to endure 
much stronger chlorids and nitrates in solution culture than in the 
soil, while the carbonate retarded growth more in the solution than in 
the loam, but not as much as in the sand. The plants growing in the 
distilled water without any salts had no food except that stored in the 
seed and that dissolved from the glass, and, as a result, they produced 
less growth than plants growing in the dilute solutions. 

The results showing the effect of concentration of the various salts 
are summarized in Table XI. Each figure represents the average of 
nine different salts of a pven concentration. An examination the 
table shows that the number of plants alive at the end of three #eeks 
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decreased as the concentration of the solution increased, there being an 
averse of ^.7 plants to each glass alive where no salt was added to the 
culture, but <Mily 3.8 plants alive with 10,000 p. p. m. of salt. 


KCI 



OecK^ NoSalt 



tfipoftfun. zooQppn. aoooppm. ftooopp/n. rapooppn. 


, ss One plant, ^ 0,1 ^w. dty matter; tops ! *» O.I gm. dry matter; roots. 

14.— nUsraiii ^wing the number wheat seedlings alive and dry matter produced in tc^s and roots 
in SI days with solutions of potassium cbhnid, calcium chlorid, and magncgiiiirTi chlorid in different com* 
tnnatians and ooncaitmtions. 


There was a corresponding decrease in number of leaves per plant, 
jeight of plants, length of roots, weight of tops, and weight of roots as 
the concentration of salts increased. The weight of roots, however, was 
not so much affected as some of the other results. In the cultures in 



0)ea@AtoSd/£ 



aoooppnJ Ktoooppm. 


• =* One plant. — = 0.2 gm. dry matter; tops \ =s 0.1 gm. dry matter; roots. 

Fio. a j.-^Diagram show^ the numbtf of wheat seedlings alive and dry matter (uoduced in tops and 
roots in »x da3re with sections of sodium nitrate, potassium nitrate, and magnesiupi nitrate is different 
o MBhin a t lom and oonccntratkiis. 


which no salts were added, the height of plants, the length of roots, and 
the dry matter produced were not so great as in the cultures containing 
salts in low concentrations. 
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TablS Xl.^Effect <4 cofuentration saUs in toMion culhtm ^n 
seedlings. Average of 45 glasses for each concenirraion^ with sodhm snlp^ie^ toUim 
carbonaUf sodium chlorid, caktum chloride potassium chloridt potassium 
magnesium nitratei and sodium niiraU in various comhinaHons 


Concentration of 
salts in solution. 

Number 

(^plants 

alive. 

Number 
of leaves 
per 
plant. 

Hdjjit 

plants. 

Le^th 

roots. 

Ratio 
height to 

of root. 

Dry 
weUbt 
of tops. 

Dtr 

vdiptt 

ofroott. 

Ratio «| 
wei^t 
of tops 
to roots. 

P. p. nt. 



Inches, 

Indus. 



<?fn. 


None 

9-7 

I. 97 

7 -S 

3-9 

X. 92 : 1 

0. 133 

Ob 052 

2. 36:1 

1,000 

9.0 

I. 91 

8.6 

4-4 

1. 91 : 1 

.143 

' .0^ 

3 37:1 

2,000 

7.8 

1. 73 

6.8 

3-4 

I. 96:1 

.123 

.044 


3,000 

5- 1 

1. 67 

6.8 

3*6 

1.88:1 

.137 

.048 

3.08:1 

4,000 

5-7 

1. 41 

6. 0 

3 -« 

X. 87:1 

.133 

.045 

2*83:1 

5 »ooo 

5-7 

I. 70 

S -4 

3-0 

1.88:1 

. iiS 

.652 

2.40:1 

6,000 

5-8 

1. 62 

5*7 

3*1 

X. 90; X 

•133 

.050 

2. 67:1 

7,000 

4. 1 

1. 34 

1 4* 6 

2.8 

1. 81 : 1 

. xoo 

.040 

2 . 43 ** 

8,000 

4-3 

1-43 

4.1 

2-3 

1. 74:1 

.096 

.038 

2.46:1 

9,000.....^ 

4.4 

1-37 

4- 1 i 

2-3 

1.74:1 

.105 

.040 

2.58:1 

10,000 

3.8 

I. 29 

3 -^ 

2. 0 

1. 70:1 

. 100 

.043 



2.37:1 


Table XII shows the effect of the individual salts when used alone. 
The results given in this table are the averages of various concentrations, 
from 1,000 to 10,000 p. p. m. In interpreting these figures it must be 
remembered that no nutrient solution was added where the single salt 
was present. Using the average height of plants as an index, the toxidty 
of the salts was in the following order: Sodium carbonate, sodium 
chlorid, magnesium nitrate, sodium sulphate, magnesium chlorid, sodium 
nitrate, potassium nitrate, potassium chlorid, and calcium chlorid. 

Tabi.e 'SiU.— Growth of wheat seedUngs in solution cultures of various salts. Avenge 
of 10 concentrations of each salt 


Salt. 

Num- 
ber of 
plants 
alive. 

Aver- 

age 

leaves 

per 

idanL 

Hei^t 

of 

plants. 

Length 

of 

roots. 

Ratio of 
hd^t 
tot^ 
length. 

Dry 

w^^t 

tops. 

Dry 

“of“ 

roots. 




In. 

In, 


Cm, 

Cm. 

Sodium sulphate 

4.8 

1.4 

4.2 

3 . 2 

1. 91:1 

0. 096 

a 044 

Sodium carbonate 

1-7 

I. 2 

2 . I 

1. 6 

1.31:1 

.063 

.028 

Sodium chk>rid 

5-2 

1.3 

3 -^ 

3. 0 

I- 55:1 

.092 

.046 

Calcium chbrid 

8^4 

*1.8 

7-9 

3-2 

1.88:1 

.130 

.066 

Ms^esium chlorid 

6. 0 

1. 6 

5-0 

1*5 

3*33:1 

.109 

.036 

Potassium chlorid 


1. 6 

6 . 3 

2.6 

3.38:1 

. 126 

.05* 

Potassium nitrate 

6. 0 

1.8 

5-8 

2.7 

2.15:1 

.*54 

.639 

Mapesium nitrate. 

2-S 

1-3 

3*4 

1*5 

2. 27:1 

■<>73 

.031 

Sodium nitrate 

4.4 


5-4 

3.7 

2.oo:t 

• m 

.041 


Ratio of 
vdfhtaf 
to^to 
roots. 


s. iS:i 
2.35:1 
2.00:1 


1.97:1 

3.03:1 

2. 47^1 


a* 35^1 


2.76:1 


A rather conspicuous point in the table is the high ratio of t(^ to 
roots, both as to length and weight, in the cultures contmtung mag- 
nesium chlorid. The roots were also very short with magnesium dtatei 
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even more so than with sodium carbonate. This afiSrms the weU-known 
toriaty of magnesium salts to roots when used alohe. The various salts 
in soluti0n cultures did not act at all in the same manner as in soils 
which the inadvisability of applying too widely to the soil the 

results obtui^ with solution cultures of alkali. 

RESm^TS OF STUDIES 
NUUBFR OF SEEDS GERMINATED 

In tie five graphs which Mow (fig. 26-30) the effects of various 
factors on the numbra of seeds germinating in each glass ate given. 
The« are all summaries and each one represents a great many figures. 
It will be remembered that lo seeds were planted in each glass. 



0 rw a, 000 3,000 4,000 5,000 6,000 7.000 8,000 9.000 10,000 

Concentration of salts in p. p. m. 

fto. .6.-0.™ tte ^ pbnts ,cnmp«in, ip CoU™ I«ap, o^nvili. load. «d 

sand with different concentratioiis, Averafe of 13 salts. 

Fi^re 26 shows the effect of the concentration of salts in sand, Green- 
viUe loam, and College loam on the number of seeds germinating. Each 
represents the average of 13 salts in various combinations. In all 
<rf the soils^here was an average of about 8K plants coming up in each • 

t T germination rapidly 

concentradon of salt, especially abov«f 3,000 p. p. m. 
In CcJfe^ loam and Greenville loam there was but little falling off in 
^^mtion until a concentration of over 4,000 p. p. m. had been 

germination of 

three bnds of soil. Each salt represents the average of 10 
con(*ntiatiot» ranging from r,ooo to 10,000 p. p. m. In sand there 
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was no germination whatever when ammonittm carbcmate waa 
even in as low a concentration as i,ooo p. pV m., but in the loai^; 



Fig. 3}.— Curve ^wing the tnunber of wheat plants {ennmatins in Cotl^ kam, OreenriUe Unaa, toad 
sand oontainins various salts. Averase for all oonccatratkuts. 


salt was not s<t toxic as some of the chlotids. The salts are^ arranged in 
the order of their toxicity to germination in Greenville loam. 



1,000 2,000 3,000 4,000 5,000 6,ooo 7,ooo 8,ooo 9,000 10,000 

Concentration of salts in p. p. m. 

iG. aS-^Curve showing the efiect of various combinaticma of salts in different ooncentratioai tiia mail* 

her of wheat plants gemunating. Average of 15 fornWnatiom. 

figure 28 gives results v/here three salts were present in the SfSIs in 
various combinations. Potassium clilorid, calcium chloride and mag- 
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jiesium chlorid retarded germination most of any ’of the salts that were 
tised together, while sodium sulphate, potassium sulphate, and mag- 
nesium sulphate retarded it least. With the first three salts there was 
no germination whatever above 9,000 p. p. m. and less than one-third 
complete germination at a concentration of 5,000 p. p. m. 

In figure 29 the effect of the concentration of sodium chlorid, sodium 
carbonate, and sodium sulphate on the different crops is shown. A strik- 
ing feature or the table is the stimulating effect of these salts in low con- 
centration on the germination of sugar beets. With the exception of 
sugar beets, all the crops showed considerable similarity. One reason 
for the high germination of beets is the number of germs in each seed 



Concentration of saJts in p, p. m. 

Fig. 39 .— Curve showing the effect of concentration of salts on the nut^ber of seeds of various kinds get* 
sunating. Average for sodJuia chlorid. sodium carbonate, and sodittm sulphate. 


ball. Alfalfa and field peas were affected by the salts decidedly more 
than the cereals. 

The individual effect of sodium chlorid, sodium carbonate, and sodium 
sulphate on the different crops is shown in figure 30. Sodium chlorid is 
seen to be rather uniformly toxic to all crops, while sodium carbonate 
varies greatly. Sugar beets seem to be^ particularly resistant to sodium* 
sulphate. 

DRY matter produced 

The five curves which follow (fig. 31-35) show the same results for 
amounts of dry matter produced by each glass that were given for 
germination in the five preceding figures (fig. 25-30). The numbers 
given represent the dry weight of plant material produced in each glass. 

5770°— 16 3 
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Figure 31 shows that the production of dry matter was stimulated by 
the presence of 1,000 p. p. m. of salt in the Greenville and College loam, 
but was about the same in sand for 1,000 p. p. m. as where no salt was 



Sugar beets Wheat Cora Field peas Oats Barley Alfalfa 

Rg, 30. — Curve showing the effect of sodium chlcrld, sodium carbonate, and sodium suJphate on the 
number of plants up from seeds of various kinds. Average for croncentrations from 1.000 to 10,000 



Pig. 31.— Curve sbowmg the dry ^ght of wheat plants germinating in CoUege loam, Greenville loam, 
and sand with different concentrations. Average of 13 catta 


added. The quantity of dry matter rapidly decreased with the concen- 
tration of salt above thi- point. In sand there was no plant growth at 
all above 8,000 p. p. m. of salt. 
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Effect of Alka^ Salts in Soils on Crops 

The effect of individual salts is shown in figure 32, A comparison of 
this graph with figure 27 shows that the dry matter is affected by the 



Fig*. 32.~Curye showing the dry weight of wheat plants germinating in College loam, Greenville loam, 
and sand cantmiihig various salts. Average for all concentrations. 


salt in just about the same way as the germination. The greater relative 
toxicity of the carbonates in sand than in loam is again brought out. 



c. — Curve showing the e:ffect of various CGmbmations o( salts in different cooceatmtions on the 

amount of dry weight produced. Average of 15 combinations oJ each 3 iftlts. 


The action of each three salts used together is shown in figure 33. 
1th the exception of potassium carbonate, sodium carbonate, and am^ 
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monium carbonate the production of dry matter was stimulated by low 
concentrations of the salts. The growth (rf plants 'was not greatly reduced 
by the sulphates even in relatively high concentrations, while with the 
chlorids the yield dropped very rapidly and was practically nothing 
where the concentration was above 4,000 p. p. m. 

Figure 34 showa the dry matter produced by different kinds of crops 
in soils containing sodium chlorid, sodium carbonate, and sodium sulphate 
in concentrations from 1,000 to 10,000 p. p. m. Com gave by far the 
largest quantity of dry matter, but it was probably as much affected by 
the salt as any other crop. The yield was reduced from above 0.6 gm. 
per glass 'with no salt to less than o.i gm. per glass 'with a concentration 
of 10,000 p. p. m. Canada field peas produced a large quantity of dry 



0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 g,ooo 10,000 

Concentration of salts in p. p. m. 

ftc. 34,— Curve showing the effect o! concentration of salts on the dry weight of plants from seeds of varioiU 
kinds. Average for sodium chlorid, sodium carbonate, and sodium sulphate. 

matter, but they were also greatly affected by the concentration of salt. 
Alfalfa gave the least total yield under all conditions. 

The effect of the individual salts on the yield of the various crops is 
brought out in figure 35. The yield of all crops was highest with sodium 
sulphate aad lowest with sodium chlorid. With most crops it was only 
about half as great with sodium* chlorid as with sodium carbonate. 

DAYS TO COM^ UP 

During the experiments a count was made each day of the number of 
plants that appeared above the surface of the soil, and from these figures 
a determination was made of the average time required for the plants 
in each glass to come up. The average results are in some cases miS' 
leading, because 'with toxic salts no plants germinated in the high con- 
centration, and the averages were determined from the plants that came 



Oct 4 , 1915 


Effect of Alkali Salts in Soils on Crops 


35 


up, which in this case were only those in low concentrations. At the same 
time there might be considerable germination in the high concentrations 
of less toxic salts, but the time of germination was increased. Thus, the 
average time of germination might appear to be longer in the less toxic 
salt, when in reality this would not be the case. 

Figure 36 shows the time required for wheat to come up in Greenville 
loom, College loam, and sand containing salts in concentrations up to 
10,000 p. p. m. The results are the average for 13 different salts. The 
time required to germinate where no salt was present varied from about 
to6K days with no salt and from lofA to 15 days with 10,000 p. p. m. 



Sugar beets Wheat Cbm Field peas Oats Barley Alfalfa 

Fic. 35.-<hirve showing the effect ol sodium chlorid, sodium carbonate, and soditun sulphate on the dry 
weight from seeds of various kinds. Average for concentrations from i.ooo to 10,000 p. p. m. 


of salt. The time was doubled by the presence of from 6,000 to 8,000 
p. p. m. of salt. 

Figure 37 shows the effect of individual salts on time of germination 
in the three kinds of soil. Calcium chlorid, magnesium chlorid, and 
sodium chlorid retarded germination most in Greenville soil, while sodium 
nitrate came next. 

In sand the salts did not retard germination as much as in loam. 
This is because there was no germination whatever in sand with the 
highest concentration. There was no germination in sand when ammo- 
nium carbonate was added, even in as low concentrations as 1,000 p. p. m. 

The results where three salts were used together are shown in figure 
38. The average time of germination with potassium chlorid, calcium 
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chlorid, and magnesium chlorid in a concentration of 8,000 p. p. ra. was 
over 20 days, which was nearly four times as long as the time required for 
seeds to come up where no salt was added. The period of germination 
was less with the sulphates and carbonates than with the other salts. 

The time of germination of different crops in the presence of sodium 
chlorid, sodium carbonate, and sodium sulphate in combination is shown 
in figure 39. Where no salts were added, the time varied from about 
days for barley to nearly 8 days for sugar beets. The same general 
relation between the germination of various crops continued with the 
different concentrations of salts. AHalfa was least affected by salts of 
any of the crops in the length of its germination period. 



0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 

Concentration of salts in p. p. m. 


Fig. 36.-“Ciir\'C showing the number of days for wheat plants to come up in College loam, Greenville loam' 
and sand with different concentrations. Average of 13 salts. 

Figure 40 shows the effects of individual salts on the germination 
period of different crops. This brings out again the fact already men- 
tioned, that the same relative toxicity of salts does not hold for all crops. 

HEIGHT OF plant 

Figures 41, 42, 43, 44, and 45 show the effect of various factors on the 
height of plants. This is probably one of the best means of comparison 
for young plants of this kind. 

Plants growing in sand were not so high in any case as those growing 
in other soils; in the Greenville loam they were slightly higher than in 
College loam. The height in loam was greater with 1,000 p. p. ra. of 
salt than where no salt was added, but above this point the height 
decreased considerably as the concentration of salt increased. In sand 
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the height was much more affected by the salts tfian in loam. . The rise 
in the curve at io,ooo p. p. m. is liue to the fact that no plants grew at 
this concentration in the more toxic salts and not to the actual increase 
in height. 

Figure 42 shows the effect of each salt in the three soils on the height 
of wheat. The same general results which have already been pointed 
out in connection with germination and dryr-matter production are noted 
here. Potassium nitrate produced the shortest plants in ‘the loams, 





Fig. 37.— Curve showing the number of days for wheat plants to come up in O^ege loam, Greenville loam, 
and sand containing various salts. Average for all concentrations. 


while sodium chlorid and sodium carbonate produced the shortest plants 
in sand. 

Figure 43 shows the height of plants in soils to which three salts in 
combinations, of various kinds had been added. This diagram shows 
that the chlorids and nitrates had a great effect on the height of plants, 
while the carbonates and sulphates had less. 

The effect of the concentrations of sodium chlorid and sodium sulphate 
on the height of different crops is sho^ra in figure 44. While the curves 
are somewhat irregular, they show the same results that have already 
been brought out regarding the shortening of plants by alkali. 

Figure 45 shows the effect of individual salts on the height of various 
crops. It will be noted that in practically all cases the crops were 
shorter where sodium chlorid was present than with the other salts; 
also that sodium sulphate usually gave the highest plants. 




Days to come up 
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Fig. 3S-— Curve showing the effect of various combinations of salts in different concentrations on the 
number of days to come up. Average of 15 combinations. 



0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 


Concentration of salts in p. p. m. 

Fig. 39,— Curve showing the effect of concentration of salts on the number of days to come up from seeds 
of various kinds. Average for sodium chlorid, sodium carbonate, and sodium aulphate. 
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Pig. 40.— Curve sho'wing the effect of sodium chlorid, sodium carbonate, and sodium sulphate on the num- 
ber of days to come up from seeds of various kinds. Average for concentrations from 1,000 to 10,000 
p.p. m. 



Concentration of salts in p. p, m. 

4 i>~Cucve showing the height of wheat plants germinating in College loam. Greenville loam, and 
sand with different concentrations. Average of 13 salts. 
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,2.— Curve showing the hwght of wheat plants germinating in College loam, Greenville loam, and 
sand containing various salts. Average for all concentrations. 



o 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 

Concentration of salts in p. p. m. 

FlO. 43-~~Curve showing the effect of various combinations of salts in different concentrations bn the 
of plants. Average of 1$ combinations of each group of 3 salts. 







Height of plants in inches 


Oct- 4 ' *9^5 


Effect of Alkali Salts in Soils on Crops 


41 



Fig. 44.— Curve showing the effect of concentration of salts on the height of plants from seeds of various 
kinds. Average for sodium chlorid, sodium carbonate, and sodium sulphate. 



Fig. 45. — Cyrve showing the effect of sodium chlorid, sodium carbonate, and sodium sulphate on the 
height of plants from seeds of various kinds. Average for concentrations from 1,000 to 10,000 p. p. m. 
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ACl'ION OF THE VARIOUS IONS 
COMPARISONS OF CATIONS AND ANIONS 

la order to determine the effect of the different ions and to compare 
the relative action of the cations and anions, the results of the various 
tests were summarized and are presented in Tables XIII and XIV. 
These data represent the averages of the various concentrations of the 
salts in three different soils; hence, they should be fairly reliable. 

On examining Table XIII it will be seen that the chlorid was by far 
the most toxic anion, followed by the nitrate, carbonate, and sulphate 
in the order named. This order held for all salts regardless of the basic 
ion, and is contrary to ideas on the subject previously held, as the 
carbonate was thought by many writers to be most injurious. 


Table Xlll.— Effect of various anions on the germination and growth of wheat. Aver- 
age for j soils and lo concentrations for each soil 


Ions. 

Number 
of trials. 

Number 
of plants 
germi- 
nated. 

Days to 
come up. 

Average 
height of 
plants. 

Average 
number 
of leaves 
per plant 

Weight 
of dry 
matter 
per glass. 

Sodium — 

Chlorid 

30 

2-3 

IX. 2 

Inches. 

4-3 

1-35 

Cm. 

0. 020 

Sulphate 

30 

7.0 

9.0 

7.0 

I. 77 

. lOI 

Carbonate 

30 

6. 2 

7-7 

S -9 

I. 67 

. 072 

Nitrate 

30 

3-3 

8.6 

5-5 

I. 62 

•035 

Averse of sodium salts . 

120 

4-7 

9.1 

5-7 

1. 60 

i -057 

Potassium — 







Chlorid 

30 

3-1 

IT. 6 

5-2 

I- 54 

. 040 

Sulphate 

30 

7.1 

6.5 

7-3 

I- 75 

. . lOI 

Carbonate 

30 

6.4 

5-8 

6.9 

1. 61 

. 087 

Nitrate 

30 

3-7 

9.0 

3-4 

I. 29 

.074 

Average of potassium 



8-5 



.076 

salts 

120 

S-t 

s-r 

t- 55 

Magnesium — 


j 

X 2 . 8 




Chlorid 

30 

3-4 

S-i 

1. 49 

•039 

Sulphate 

30 

7-9 ; 

6. 7 

7-3 

1. 72 

.105 

Carbonate 

30 

4.6 

8.8 

5-6 

1. 63 

. 052 

Average of magnesium 




6. 0 

1. 61 

.065 

salts 

90 

5‘3 

9.4 

Calcium — 





1.66 


Chlorid 

30 

2.8 

12. 1 

4.9 

.031 

Ammonium — 







Carbonate 

30 

3-3 

6. 0 

4.2 

1.17 

.044 


In Table XIV a comparison is made of the various cations. Sodium is 
seen to be most injurious of all the bases except ammonium. Sodium 
is followed by calcium, potassium, and magnesium in the order named. 
This same order of toxicity held with all the acid radicals that were tried. 
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XablB XIV. — Effect of various cations on germination anA growth of wheat. Average 
for 3 soils and 10 concentrations for each soil 


Cstlons. 

Number 
of trials. 

Number 
of plants 
germi- 
nated. 

Days to 
come up. 

Average 
height of 
plants. 

Average* 
number of 
leaves per 
plant. 

Weight of 
dryjnat- 
ter per 
plant. 

Chlorid — 

Sodium 

30 

2-3 

II. 2 

Inches. 

4-3 

1-35 

Gin. 

0. 020 

Potassium 

30 

3- 1 

II. 6 

5-2 

I- 54 

. 040 

Calcium 

30 

2.8 

12 . I 

4-9 

I. 66 

. 031 

Magnesium 

30 

3-4 

12.8 

5-1 

I. 49 

■039 

Average of chlorids 

120 

2.9 

II. 9 

4-9 

I- 51 

•<533 

Sulphate — 





; i 


Sodium 

30 

J.O 

9.0 

7.0 

I. 77 

. lOI 

Potassium 

30 

7- 1 

6.5 

7-3 

1-75 

. lOI 

Magnesium 

30 

7-9 

6.7 

7-3 

I. 72 

. los 

Average of sulphates — 

go 

7-3 ' 

7-4 

7.2 

1-75 

. 102 

Carbonate- 







Sodium 

30 

6. 2 

7 - 7 

6. 0 

1.67 

.071 

Potassium 

3 ° 

6 . 4 

6. 8 

6.9 

I. 61 

. 087 

Ammonium 

30 

3-3 

6. 0 

4- 2 

I. 17 

.044 

Averi^e of carbonates. . . 

90 

1 5*3 

6.8 

5-7 

1. 48 

. 067 

Nitrate — 







Sodium 

30 

3-3 

8. 6 

5 - 5 

I. 62 

-035 

Potassium 

30 

3-9 

9.0 

3-4 

1. 29 

.074 

Ms^erium 

30 

4. 6 

8.8 

5-6 

I. 63 

. 052 

Average of nitrates 

90 

3 - 9 

8.8 

4.8 

1-51 

•054 


A comparison of the various data presented in Tables XIII and XIV 
brings out clearly the fact that the injurious effects of the alkali salts in 
soils may be attributed more to the anion» or acid radical, than to the 
cation, or basic radical. All the chlorids gave results very similar to 
each other. The same may be said of the sulphates and nitrates. The 
different salts of sodium or potassium, on the other hand, differed greatly, 
according to the acid radical combined with them. This is just opposite 
to the conclusions of Kearney and Cameron (13) based on solution 
cultures. 

RELATION OF MOLECULAR WEIGHT IN TOXICITY 

A number of workers have considered the toxicity of various alkali salts 
to be proportional to their osmotic pressure. In order to determine 
whether this were true, the different salts which had been tested were 
arranged in the order of their toxicity and the molecular weight of each 
placed opposite to ascertain whether there was any relation between the 
two. Of course, it is understood that the lower the molecular weight of 
a salt the more molecules there are in a solution containing a given per- 
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centage of salt, and tlfe more molecules there are the greater will be the 
osmotic pressure, provided there is the same dissociation. Following out 
this reasoning, a salt of low molecular weight should be more toxic than 
one of higher molecular weight if the salts were present in the same per- 
centage by weight. Indeed, in the study of osmosis, salts would not be 
expressed in percentages but in molecular solutions. In soils, however, it 
is impossible to express salts on a basis of biolecular solution. 

In Table XV it will be seen that in a general way salts with low molecu- 
lar weights are more toxic than those having a higher molecular weight, 
but there are so many exceptions that this can not be considered a general 
law holding for all salts. For example, magnesium sulphate has a lower 
molecular weight than potassium sulphate, sodium sulphate, potassium 
carbonate, or magnesium nitrate, and yet it is less toxic than any of 
these salts. 


Tablb XV . — Comparison of the ioxicily of the various salts with their molecular weight 


Salts in order of toxicity. 

Number of 
plants 
Senninated. 

Weight of dry 
matter 
produced. 

Moleoilar 

weight. 

1 

1 

Sodium chlorid ' 

2.3 ! 

Gtn. 

0. 020 

j 

58-5 

Calcium chlorid ■ 

2.8 ! 

.031 

III. 0 

Pbtassium chlorid I 

3 ' ^ 

. 040 

; 74-6 

Sodium nitrate | 

3 - 3 1 

■035 

85.: 

Ammonium carbonate ! 

3-3 ! 

.044 

202. 2 

Magnesium chlorid ' 

3-4 ' 

•039 

953 

Potassium nitrate 

3*9 

.074 

101. 2 

Magnesium nitrate 1 

4.6 1 

.052 

148.4 

Sodium carbonate 1 

6 . 2 ' 

.071 

106. 1 

Potassium carbonate ' 

6.4' 

. 087 

138-3 

Sodium sulphate ' 

7.0 

. 101 

142, 2 

Potassium sulphate 

7- 1 ' 

. lOI 

174.4 

Magnesium sulphate 

7-9 

.105 

120. 4 


salts alone and in combination with other salts 

One of the most important questions arising in connection with the 
toxicity of alkali is regarding the action of salts when present alone and 
when in combination with other salts. Considerable work has been done 
on the antagonistic action of various salts in solution cultures, and some 
very remarkable results have been obtained ; but many of these results 
do not hold when the salts are applied to the soil. 

An examination of figures 2 to 24 will show that in the soil the antag- 
onistic action of the various alkali salts is not so great as previous workers 
have found for these same salts in solutions. For example, the magne- 
sium salts when used alone in solution are very toxic to plants, but this 
is largely overcome by the presence of other salts. The results for mag- 
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nesium salts ifl soils do not show them to be particularly toxic. This is 
pi^bably due in part to the high lime content of the soils used. 

An attempt is made in Table XVI to bring together a summary of 
t^sults for salts applied to soil singly and in combination. These are 
grouped as sulphates, carbonates, nitrates, chlorids, and the sodium salts. 
Under each salt are given certain figures which, when multiplied by i ,000, 
give the parts per million of salt added to the soil. Each figure is the 
average for Greenville loamj College loam, and sand. The results include 
the number of plants germinating in each glass, the weight of dry plant 
material produced in each glass, the average height of plants, and the 
average number of days required for the plants to come up. 



Tabi<B XVI . — Effect of combination of salts on the germination and growth of wheat. Average of three soils 
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The top line in eacli case gives the results where no salts were applied. 
Below this the figures are arranged according to the total quantity of 
salt used, first i,ooo p, p, m., followed by 2,000, 4,000, 6,000, 8,000, and 
10,000. It will be noted that with the chlorids and nitrates practically 
’ no plants grew in the higher concentrations. Careful study of the table 
is necessary to see the numerous complex relations that are brought oiit. 
between the various salts. The simple relations may be seen more 
easily in figures 2 to 24, but by bringing together a large mass of data 
in one table many relations can be found that could not be seen in the 
diagrams. 

The average alkali of Utah contains a mixture of chlorids, sulphates, 
and carbonates, with the carbonates usually present only in small quan- 
tities. The practical alkali problem, therefore, is largely centered around 
the sulphates and chlorids of sodium. An examination of Table XVI 
does not seem to indicate that either of these salts has any great neu- 
tralizing effect on the other. 

A general conclusion from this table might be that where alkali salts 
are found together in the soil the toxic action of the combined salts is 
only slightly less than the sum of the toxicities of the individual salts. 
It may be that with other combinations of salts this conclusion would 
not be justified. 

PRACTICAL LIMITS OF THIS PROBLEM 

The practical problem of this entire study is to determine the quan- 
tity of various alkali salts necessary in the soil to reduce the growth of 
crops beyond the point of profitable production. Under the conditions 
of dry farming there is no practicable way of removing excessive soluble 
salts; hence, if salts are found in these soils in quantities prohibiting 
crop growth, the soils are valueless for agriculture. On the other hand, 
soils that are susceptible of irrigation and drainage may be reckdmed 
by the leaching out of the alkali. In any soil, however, where there is 
a likelihood of alkali injury it is very important, in order to be able to 
judge the value of a soil, to know exactly how much of a given salt 
is necessary to injure crops. The literature on the subject up to the 
present is somewhat conflicting and lacks the definiteness that would 
be desirable. 

There are so many factors entering into the toxicity of alkali that it 
is difficult to assign definite toxic limits. For example, an analysis 
might show a soil to contain a given percentage of salt when in reality 
the greater part of the salt might be in a crystallized form at the sur- 
face, where it would do no harm until dissolved and washed back into 
the soil. It is the salt in solution that does the real injury. The wetness 
^of the soil, its texture, the presence of neutralizing substances, and a 
number of other factors all alter the toxicity of soluble salts, which 
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makes it impossible to say exactly what are t!ie practical limits of 
alkalies. 

In getting the limits given below it was considered that when alkali 
retarded germination and growth to about half what they were in soils 
without alkali the practical limit had been reached. Certainly it would 
-not he profitable to use a soil where alkali decreased yields below half 
normal. 

Figures 46 and 47 show the practical limits of growth of wheat in 
loam and sand for 13 different salts. It will be noted that these salts 
bear a similar relation to each other in both kinds of soil, although only 
about half as much alkali is required in sand to reach the toxic limit as 
in loam. One of the most striking features about the diagram is the 
fact that in sand the carbonates are proportionately more toxic when 
compared with other salts than they are in loam. 
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Pig. 46. Ciagraiu sbowms the percentage of alhali salt in loam soil giving about half normal gennioatloxi 
and production of dry matter in wheat. 


Loam having 0.3 per cent and sand having 0.2 per cent of sodium 
chloHd contain a limit of this salt for the profitable production of crops. 
The other chlorids may be somewhat higher, while the nitrates may be 
about o.i per cent higher than the chlorids. On loam crops grow well 
with as high as i per cent of the sulphates, while in sand from 0.5 to 
0.7 per cent of the sulphates is injurious. 

Figure 48 gives a comparison of the resistance of barley, oats, wheat, 
alfalfa, sugar beets, com, and Canada field peas for sodium chlorid, 
sodium carbonate, and sodium sulphate in loam. Barley can withstand 
0.5 per cent of sodium chlorid, i per cent of sodium carbonate, and more 
than I per cent of sodium sulphate. All crops in the test except oats, 
sugar l^ts, com, and field peas produced more than half normal growth 
^here i per cent of sodium sulphate was present. There was a great 
difference in the reastance of various crops to sodium carbonate, the 
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practical limit ranging from 0.4 per cent for Canada field peas up to 
I per cent for barley. Sodium chlorid showed about the same toxicity 
for all the crops except barley and oats, which were slightly more resist- 
ant. The striking point about this diagram is the fact that the relative 
toxicity of the different salts varies for each crop, 

SUMMARY 

(i) The effect of the various alkali salts in soils on plant growth and 
the quantity of alkali that must be present to injure crops are of great 
practical importance to farmers in arid regions, as well as of considerable 
interest to the scientist. 

{2) A great amount of work has already been done on alkali, but this 
does not give all the information that is needed. 



Flc, 47. — Diagram showing the percentage of alkali salt in coarse sand giving about half normal gennina: 
tion and production of dry matter in wheat. 


(3) In this paper results of over 18,000 determinations of the effect 
of alkali salts on plant growth are reported, 

(4) Only about half as much alkali is required to prohibit the growth 
of crops in sand as in loam. 

(5) Crops vary greatly in their relative resistance to alkali salts, but 
for the ordinary mixture of salts the following crops in the seedling stage 
would probably come in the order given, barley being the most resistant : 
Barley, oats, wheat, alfalfa, sugar beets, com, and Canada field pe£^. 

(6) Results obtained in solution cultures for the toxicity of alkali 
salts do not always hold when these salts are applied to the soil. 

(7) The percentage of germination of seeds, the quantity of dry matter 
produced, the height of plants, and the number of leaves per plant are 
all affected by alkali salts in about the same ratio. 

(8) The period of germination of seeds is considerably lengthened by 
the presence of soluble suits in the soil. 
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' (9) The anion, or acid radical, and not the cation, or basic radical, 
determines the toxidty of alkali salts in the soil. Of the add radicals 
used, ctdorid was deddedly the most toxic, while sodium was the most 
toxic base. 

(10) The injurious action of alkali salts is not in all casts proportional 
to the osmotic pressure of the salts. 

(11) The toxidty of soluble salts in the soil was found to be in the 
following order: Sodium chlorid, caldum chlorid, potassium chlorid, 
sodium nitrate, magnesium chlorid, potassium nitrate, magnesium nitrate, 



Fig. 48. — Curve showing the percentage of sodium chlorid, sodium carbonate, and sodium sulphate in. 
Greenville loam giving about half normal germination and production of dry matter. 


sodium carbonate, potassium carbonate, sodium sulphate, potassium sul- 
phate, and magnesium sulphate. 

(12) The antagonistic effect of combined salts was not so great in 
soils as in solution cultures. 

(13) The percentage of soil moisture influences the toxidty of alkali 
salts. 

(14) Salts added to the soil in the dry state do not have so great an 
effect as those added in solution. 

{15) Land containing more than about the following percentages of 
soluble salt are probably not suited without reclamation to produce 
ordinary crops. In loam, chlorids, 0.3 per amt; nitrates, 0.4 per cent; 
carbonates, 0.5 per cent; sulphates, above i.o percent. In coarse sand, 
chlorids, 0.2 per cent; nitrates, 0.3 per cent; carbonates, 0.3 per cent; 
and sulphates, 0.6 per cent. 




52 


Journal of Agricultural Research 


Vd. V. No. I 


' LITERATURE CITED 

(i) Breazba^B, J. F. 

1906. Effect of certain solids upon the growth of seedlings in water cultures. 
In Bot. Gaz., v. 41, no. i, p. 54-63, 4 fig- ^ 



1906. The relation of sodium to potassium in soil and solution cultures. In 
Jour. Amer. Chem. Soc,, v. 28, no, 8, p. 1013-1025, i pi. 

(3) Buffum, B. C. 

1896. Alkali: Some observations and experiments. Wyo. Agr. Exp. Sta. Bui. 
29, p. 219-253, 6 pi. 

(4) 

1899. Alkali studies. III. 40 P-. i pl- Ftib. as part of Wyo. Agr. Exp. Sta. 

9th Ann. Rpt. 1898/99. 

(5) Cameron, F. K., and Breazeai,e, J. F. 

1904. The toxic action of acids and salts on seedlings. In Jour. Phys. Chem,, 

V. 8, no. I, p. 1-13. 

(6) Dorsey, C. W. 

1906. Alkali soils of the United States. A review of literature and summary 
of present information. U. S. Dept. Agr. Bur. Soils Bui. 35, 196 p., 

13 fig- 

(7) Harter, L. L. 

1905. The variability of wheat varieties in resistance to toxic salts. U. S. 

Dept. Agr. Bur. Plant Indus. Bui. 79, 48 p. Bibliography, p, 47-48. 

(8) Headden, W. P. 

1898. A soil study: Part i. The crop grown: Sugar beets. Colo. Agr. Exp. 

Sta. Bui. 46, 63 p. 

(9) Hicks, G. H. 

1900. The germination of seeds as affected by certain chemical fertilizers. 

U. S. Dept. Agr. Div. Bot- Bui. 24, 15 p., 2 pi. 

(10) Hiegard, E. W. 

1900. Nature, value, and utilization of alkali lands. Cal. Agr. Exp. Sta. 

Bui. 128, 46 p., 15 fig. 

(11) 

1906. Soils. . . 593 p.,illus. New York and London. 

(12) Kearney, T. H. 

1911. The choice of crops for alkali lamd. U. S. Dept. Agr. Farmers' Bui. 446, 

32.p. 

^12) and Cameron, F. K. 

1902. Some mutual relations between alkali soils and vegetation. U. S. Dept. 
Agr. Rpt. 71, 78 p. 

(14) and Harter, L. L. 

1907. The comparative tolerance of various plants for the salts common in 

alkali soils. U. S. Dept. Agr. Bur. Plant Indus. Bui. 113, 22 p. 

(15) Knight, W. C., and Slosson, E. E. 

1901. Alkali lakes and deposits. AJkali series, VI. Wyo. Agr. Exp. Sta. Bui. 

49, p. 71-123, map. 

(16) Loew, Oscar. 

1899. The physiological r 61 e of mineral nutrients. U. S. Dept. Agr. Div. Veg. 

Phj’siol. and Path. Bui. 18, 60 p. 

(17) Loughridge, R. H. 

1901, Tolerance of alkali by various cultures. Cal. Agr. Exp. Sta. Bui. 133, 
43 p., 8 illus. 



Oct 4 . 19*5 


Effect of Alkali Salts in Soils on Crops 


53 


(18) McCool, M. M. • 

1913. The action of certain nutrient and nonnutrient bases on plant growth. 
N. Y. Cornell Agr. Exp. Sta. Mem. 2, p. 113-216, 15 fig. 

(19) MiYAKB, Kiichi. 

1913. The influence of salts common in alkali soils upon the growth of the rice 
plant. In Jour. Biol. Chem., v. 16, no. 2, p. 235-263. Also published in 
Bot. M^. [Tokyo], v. 27, no. 321, p. 173-182; no. 322, p. 193-204; no. 
323, p. 224-233; no. 324, p. 268-270. 

(20) OSTBRHOUT, W. J. V. 

1906. On the importance of physiologically balanced solutions for plants, I. 
Marine plants. In Bot. Gaz., v. 42, no. 2, p. 127-134. 


(21) 

1907. 


On nutrient and balanced solutions, 
no. IS, p. 317-318. 


In Univ. Cal. Pub. Botany, v. 2, 


(22) Shaw, G. W. 

1905. Field observations upon the tolerance of the sugar beet for alkali. Cal. 
Agr. Exp. Sta. Bui. 169, 29 p., 20 fig. 

(23) Slosson, E. E. 

1899. Alkali studies, IV. 29 p. Pub. as part of Wyo. Agr. Exp. Sta. Rpt, 

1898/99. 

(24) and Bufpum, B. C. 

1898. Alkali studies, II. Wyo. Agr. Exp. Sta. Bui. 39, p. 35-56. 

(25) Stbwaxt, John. 

[1898?] Effect of alkail on seed germination. In Utah Agr. Exp. Sta. 9th 
Ann. Rpt. 1897/98, p. xxvi-xxxv. 

(26) True, R. H. 

1900. The toxic action of a series of acids and of their sodium salts on Uupinus 

albus. In Amer. Jour. Sci., s. 4, v. 9, no. 51, p. 183-192. 




histological relations of sugar-beet seed- 
lings AND PHOMA BETAE 


By H. A. Edson,’ 

PhysioUigist, O^icc of Colion and T ruck Disease I nvesiigations, Bureau of Plant Industry 

In a former paper * it was, pointed out that practically all sugar-beet 
(Beta vulgaris) seed is more or less heavily infected with Pkoma betae 
(Oud.) Fn, and that a large proportion of the seedlings developing from 
such stock suffer from incipient or severe attack of the fungus, but that 
under favorable conditions a high percentage of the attacked plants re- 
cover sufficiently to make a good growth. It appears that the period 
during which the sugar beet is susceptible to infection by this fungus is 
confined to the seedling stage, or, in the case of leaves, to old age, but 
that when infection has once occurred, it persists. After apparent recov- 
ery of the host, the fungus is still present, although it remains concealed 
until conditions arise sufficiently unfavorable to the beet to enable the 
parasite to renew its attack. Except in the seedling stage, it seldom 
accomplishes the immediate destruction of its host, but remains inactive 
during the first growing season and becomes destructive on mother beets 
in storage or reappears during the second growing season on the seed 
stalks or racemes in. time to cause infection of the new crop of seed. 

Histological studies recently conducted upon seedling sugar beets in- 
fected with Pkoma beiae have shown the fungus fruiting on the surface 
of young plants that were scarcely past the cotyledon stage. They have 
also revealed the organism living without serious injury to the host, within 
the deeper cells of plants that had thrown off the attack and which could 
safely be predicted to show no further sign of infection during the growing 
season if reasonably good cultural conditions were maintained. The slides 
show that the fungus may persist both in and on the tissues of the beet and 
also indicate something of its modus operandi in attack on seedlings. Sec- 
tions were prepared from material grown from pasteurized seed in experi- 
mental pots in sterilized soil which had been inoculated at the time of 
seeding with pure cultures of the fungus. The material was controlled 
by check pots and by recovery of the fungpis from certain of the seedlings 
from each pot as the disease appeared. Damped-off and root-sick seed- 
lings selected at different stages in the progress of the disease and healthy 

^ The aiithw wishes to acknowledge his indebtedness to Mrs. Kellie D. Morey, formerly of the Office of 
Cotton and Trade Disease Investieatiotis, for assistance in the preparation of slides. 

* Edson, H. A. Seedling diseases of su^ar beets and their relation to root-rot and crown-rot. In Jour. 
Agr. Research, v, 4, no. a, p. 135-168, pi. 16-36. 1915. 
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seedlings from the control pots were killed in Flemming's solution, embed- 
ded, sectioned, and stained with the triple combination in the usual way, 
Camera-Iudda drawings from the slides thus prepared are employed to 
illustrate this discussion. Most of the seedlings were still in the cotyledon 
stage, but some that had recovered from the attack had developed their 
first pairs of leaves. Seedlings which had been entirely killed were so 
badly disintegrated or so softened by the disease that they did not yield 
satisfactory material for study. The sections showed the cells in a con- 
dition of complete collapse and decay. The cellulose layers of the walls, 
as well as the middle lamella, were gelatinized and softened to such an 
extent as to have lost most of their rigidity. The walls were broken 
and fragmented, but this may have resulted from handling during the 
process of washing and dehydrating. Bacteria were present, of course, 
and the softening of the walls, which made them so liable to fracture in 
handling, may have been due in part to the action of these agents. 

Cells of badly diseased but still living seedlings presented more favor- 
able material for studying the histological relations of the parasite and 
host. The cells were often nearly filled with the fungus, which showed a 
tendency to remain within the cell rather than in the middle lamella, 
although it frequently penetrated the walls (PI. I, fig. i). Now and 
then a thread of the fungus was observed running between the cells 
for a little distance, but the indications are that, while the organism 
dissolves the middle lamella, it does not feed upon it. Heavily invaded 
cells are consumed, the cytoplasm disappears, and the nuclei disintegrate. 
The middle lamella gelatinizes, so that the cellulose lamellae may become 
widely separated while the cellulose layers are broken and disintegrated 
or even dissolved (PI. I, fig. 2). The first visible indication of the 
alteration in the walls is a change in their reaction toward the stain. 
They take the safranine more deeply and retain it more tenaciously than 
do the walls of normal cells. With the progress of the disease a border 
area of increasing width, which also takes the safranine deeply, develops 
on either side of the walls, as if the substances which retained the dye 
were gradually diffusing from the wall and spreading into the surrounding 
space. 

In cases of less serious infection, where recovery is possible, or in tissues 
which have just been invaded, a somewhat different condition exists. 
Plate I, figure 3, represents a recently invaded portion of a rather 
badly diseased seedling which would probably have been unable to 
recover. The cell walls show the gelatinized condition only in a moderate 
degree and in an area confined to the points where it has been penetrated 
by the mycelium. The mycelium has expanded in one of the cells in a 
manner not frequently noted, and the effect of the parasitism is apparent 
in the abnormal condition of the host nuclei. Evidence of disease was 
sometimes manifested in the neighboring uninfected cells of such mate- 
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rial by the unusual appearance of the nuclei. Dumb-bell forms, budding, 
and indirect division were observed occasionally, but never in any large 
number (PI. I, fig. 4. 5» 6)- 

The most interesting phenomena in many respects, as well as the most 
puzzling, are those associated with recovery and healing. Sugar beets 
attacked by the fungus frequently send out new side roots from a point 
above the invasion and succeed in preventing the destruction of this new 
growth. Cases were common in which the region invaded and dis- 
integrated had been confined to the outer tissue. The central vascular 
region and the surrounding layers of cells resisted the attack and eventu- 
ally succeeded in sloughing off the killed tissue. The fungus was fre- 
quently found developing its pycnidia on the killed portions of such 
recovering seedlings, while the host tissue, only a few cells below, appeared 
perfectly normal (PI. II, fig, i). 

The most striking thing brought out by a study of the sections, however, 
is the presence of the fungus apparently established in a condition of 
reduced relative virulence in the interior tissue of beets which have recov- 
ered from the attack and which are assured of making a good growth 
(PI. II, fig. 2 ). In such cases even the invaded cells are not killed, 
and the adjacent ones appear i>erfectly normal in every respect. So far 
as has been observed, the cells thus invaded are adjacent to vascular 
tissue, but the organism has never been seen in the conducting elements. 
The infection is confined to a vertical chain of cells, and in no case was 
more than a single unbranched hypha observed. 

The physiological relation here presented is an exceedingly interesting 
one and its investigation is of the highest scientific and practical import- 
ance. 

It is difficult to explain just how an organism capable of producing 
such complete collapse in cells of seedlings should suddenly find its action 
checked and confined to a saprophytic existence on an area of discarded 
surface tissue, but the means by which it establishes itself within the 
highly nutritive living cells of the interior and is at the same time com- 
pelled to remain in a quiescent condition is still more problematical. 
The condition presents a relatively highly developed t}q)e of parasitism 
in which the organism voluntarily or by compulsion permits the comple- 
tion of the normal life history of the host while securing for itself the 
assurance of perpetuation through infection of the seed. The balance, 
however, is not a perfect one, since, if the host encounters sufficiently 
adverse conditions during either of the growing seasons or in storage, 
the activity of the parasite is renewed and the sugar beet is destroyed, 
thus preventing seed production and the perpetuation of the parasite 
through the seedling channel. 



PLATE I 


Fig, I. — Section of a sugar-beet seedling invaded by Pkoma betae, ^wing distribu- 
tion of the mycelium and the action of the fungus on the protoplasm and cell walls, 
X 530- 

Fig. 2.-^Sectiou of sugar-beet seedling showing characteristic action of Phoma beiae 
on the cytoplasm and nuclei and cell walls in cases of serious infection. Note the 
gelatinized condition of the middle lamella. X 530. 

Fig. 3, — Section of sugar-beet seedling showing Phoma beiae penetrating the cell 
walls and expanding la one of the cells. The nuclei jdiow signs of degeneration. 
X 530- 

Fig. 4, 5, and 6. — Abnormal nuclei from uninfected cells adjacent to invaded tissue 
of sugar-beet seedlings. The nucleus in figure 6 appears to be in the process of direct 
division. X 1.330. 
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PLAtE II 


Fig. I. — Section through a sugar-beet seedling which has recovered from an attack 
of PhoTna betae, showing a young pycnidium of the fungus forming on the discarded, 
killed tissue. X 500. 

Fig. 2. — Longitudinal section through a sugar-beet seedling which had recovered 
from an attack of root sickness due to Phoma betae, showing the presence of the fungus 
established in a condition of reduced virulence in the living cells. X 530. 
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